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1
PYRIMIDINONE COMPOUNDS AND
METHODS FOR TREATING INFLUENZA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/482,749, filed on May 5, 2011, which is
incorporated herein by reference in its entirety.

BACKGROUND

Influenza virus is a single-stranded RNA virus in the Orth-
omyxoviridae family. The virus is responsible for seasonal
influenza. Approximately 200,000 hospitalizations and about
36,000 deaths per year are attributable to the influenza virus.
On occasion, a novel antigenic strain of influenza virus
evolves to cause a pandemic. These influenza pandemics
usually occur about three times per century, causing an infec-
tious threat to human beings. Typically, the pandemics occur
when novel influenza A viruses infect the human population.
As examples of these pandemics, the 1918 Spanish influenza
pandemic infected 25-40% of the world’s population, killing
twenty to one hundred million people. In 1957 and 1968,
approximately one million people were killed during those
pandemics. More recently, in April 2009, HIN1 influenza
viruses have spread throughout the world, with an estimated
1,483,520 confirmed cases that lead to 25,174 deaths. The
potential for another pandemic realizes the need for targeted
therapeutic and improved prophylactic agents to battle
emerging influenza viruses. HIN1 vaccines are in clinical
trials in the United States, but antiviral drugs and non-phar-
maceutical means of controlling infections are probably the
first line defenses against the disease. Also of importance is
the fact that elderly patients, infants and people with compro-
mised immune systems may have a more limited response to
vaccination.

At this point in time, there are two options for treating
influenza. One option is use of M2 ion channel blockers, such
as amantadine that blocks endocytosis and cell fusion. The
other option is the use of neuraminidase inhibitors such as
oseltamivir and zanamivir that block viral release. However,
amantadine has become very ineffective as a treatment, and
oseltamivir seems to require much higher doses for treatment
in murine models.

Without wishing to be bound by theory, it is believed that
the identification of novel targets in the influenza viral life-
cycle have resulted in novel therapeutic compounds. The
criteria for the development of broad spectrum anti-virals
include a specificity for virus infected cells, broad conserva-
tion among virus strains, indispensability for viral replication
and the development for orally-active drug candidates. This
research has led to the identification of influenza protein
targets, such as PA, PB1, PB2 and nucleoproteins.

As an example of some of the early work in this targeted
research, Merck scientists reported the discovery of dioxobu-
tanoic acid and flutimide as inhibitors of the endonuclease
activity of influenza RNA dependent RNA polymerase (IR-
dRp). The resultant work suggested the possibility that IRdRp
inhibitors would be useful as anti-viral agents. Later, a small
prodrug (T-705) that is converted to the ribonucleoside triph-
osphate was determined to be a selective inhibitor of the IRAR
polymerase and is currently in Phase III clinical trials in
Japan. It is the specificity of T-705 against influenza A, B and
C in vivo that validates IRdRp as a promising target for
developing influenza therapy. In this context, the IRdRp
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2

inhibitors are attractive targets for the development of anti-
virals to treat and prevent influenza.

Therefore, there remains a need for anti-viral compounds
to prevent and treat influenza virus. It is this need that has led
to the identification of novel compounds and methods of
treating and preventing influenza virus. These needs and oth-
ers needs are met by the present invention.

SUMMARY

In accordance with the purpose(s) of the invention, as
embodied and broadly described herein, the invention, in one
aspect, relates to compounds and methods useful in the treat-
ment of influenza.

Disclosed are methods for preventing or treating influenza
in a subject, the method comprising: administering to the
subject an effective amount of a compound of the formula:

RZ
0] \O
RZ X
~ X
N)ﬁ N =
1 3 x
R N R o R! N R3,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?>, —NR"'COR'?, —NR"'CO,R'?, and
—NRMCONR'R"?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'? —NR"COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'?R*?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R® is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR!'R7,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR'SO,R*?, —SO,NR'*R*®>, —CONR*R®  and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R?> together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby preventing or treating the influ-
enza.

Also disclosed are methods for inhibiting development of
influenza virus in a mammal, the method comprising: admin-
istering to the mammal an effective amount of at least one
compound of the formula:
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RZ
o] \O
R X X
SN
R! N R Ny R,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’, —NR'"'R'?>, —NR"'COR'?, —NR'"'CO,R'?, and
—NR'"CONR'R**; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR"COR'?
—NR''CO,R*?, —NR"'CONR'?R*?, —COR™,
—CONR'?R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR"R",
—NR'"80,R"™, —SO,NR'R', —CONR*R®, and
—CORS; wherein R* and R* are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R'!, R*?, and R*?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;
or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby inhibiting development of influ-
enza virus in the mammal

Also disclosed are methods for decreasing influenza virus
activity in at least one cell, the method comprising contacting
the cell with an effective amount of least one compound of the
formula:

RZ
0 \O
RZ X
~ X
R! N R Ny R,
wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR7, —NR'K, —NR!''COR!?, —NR"'CO,R*?, and
—NR'"CONR'R"*; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR"COR'?
—NR''CO,R*?, —NR'"CONR"R"*?, —CORY,

—CONR'?R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
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heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR'SO,R*?, —SO,NR'*R*®>, —CONR*R®  and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby decreasing influenza virus activ-
ity in the cell.

Also disclosed are methods for decreasing endonuclease
activity in at least one cell, the method comprising contacting
the cell with an effective amount of least one compound of the
formula:

RZ
0] \O
RZ X
~ X
N)ﬁ N =
1 3 x>
R N R o R! N R3,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?, —NR"'COR'?, —NR'"'CO,R'?, and
—NR'CONR'R'?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'? —NR"COR'?
—NR''CO,R*?, —NR"'CONR'?R*?, —COR™,
—CONR' R*? and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;

wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR"SO,R"™, —SO,NR'R', —CONR*R’ and
—CORS; wherein R* and R* are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
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idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*', R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; or a pharmaceutically
acceptable salt, hydrate, solvate, or polymorph thereof,
thereby decreasing endonuclease activity in the cell.

Also disclosed are methods for decreasing polymerase
activity in at least one cell, the method comprising contacting
the cell with an effective amount of least one compound of the
formula:

RZ
0 o
RZ X
~ X
N)‘ji N)I
1 3 N
R N R or wt N R,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’, —NR'"'R'?>, —NR"'COR'?, —NR'"'CO,R'?, and
—NR!'CONR"R"*?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR"COR'?
—NR''CO,R*?, —NR"'CONR'?R*?, —COR™,
—CONR'R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR"R",
—NR'"80,R"™, —SO,NR'R', —CONR*R®, and
—CORS; wherein R* and R* are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R**, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby decreasing polymerase activity
in the cell.

Also disclosed are therapeutic methods comprising co-
administration of one or more treatments selected from Osel-
tamavir, Zanamivir, Amantadine, Rimantadine, Arbidol,
Laninamivir, Peramivir, Vitamin D, and an interferon, with
one or more compounds of the formula:
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0 Mo
R2 X X
U R? R! /I\N RS,
wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?>, —NR"'COR'?, —NR"'CO,R'?, and
—NRMCONR'R"?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'? —NR"COR'?
—NR''CO,R*?, —NR"'CONR'?R*?, —COR™,
—CONR'?R*?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R® is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR"SO,R'",  —SO,NR'R', —CONR*R® and
—CORS; wherein R* and R* are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R?> together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R', R*?, and R*?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;
or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof.
Also disclosed are compounds of the formula:

RZ
0] \O
RA X
~ X
R! N R} N R’
wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—NRMR!?,  —NRMCOR!?, —NRMCO,R',  and
—NR!'CONR'R'?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR™R*'?, —NR'COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'?R*?, and —OR”; wherein R? is optionally substi-
tuted where permitted and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-

eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they

or

or
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are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R®> is optionally substituted and selected from
cycloalkyl; heterocycloalkyl; aryl or heteroaryl, provided that
R! and R? do not form a ring together with the carbon and
nitrogen to which they are attached; —CONR*R, and
—CORS; wherein R* and R® are each optionally substituted,
where permitted, and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; wherein at least one of R* or R® is not hydrogen, and
provided that when R* is an aryl or heteroaryl group having 6
or more ring members, then neither R® nor R*is hydrogen; or
wherein —NR*R’ together form an optionally substituted
ring selected from piperidinyl, morpholinyl, and piperazinyl;
wherein R® is optionally substituted and selected from alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl, pyridazi-
nyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imida-
zolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrimidinyl,
tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl, and
oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R**, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof.

Also disclosed are kits comprising at least one disclosed
compound or a pharmaceutically acceptable salt, hydrate,
solvate, or polymorph thereof, and one or more of: (a) an
antiviral agent; (b) a M2 inhibition agent; (¢) a neuraminidase
inhibition agent; (d) an agent known to treat flu symptoms;
and/or (e) instructions for treating influenza.

Also disclosed are pharmaceutical compositions compris-
ing a therapeutically effective amount of a disclosed com-
pound and a pharmaceutically acceptable carrier.

Also disclosed are methods for manufacturing a medica-
ment comprising combining at least one disclosed compound
or at least one disclosed product with a pharmaceutically
acceptable carrier or diluent.

Also disclosed are uses of a disclosed compound or a
disclosed product in the manufacture of a medicament for the
treatment of a disorder associated with a kinase dysfunction
in a mammal

While aspects of the present invention can be described and
claimed in a particular statutory class, such as the system
statutory class, this is for convenience only and one of skill in
the art will understand that each aspect of the present inven-
tion can be described and claimed in any statutory class.
Unless otherwise expressly stated, it is in no way intended
that any method or aspect set forth herein be construed as
requiring that its steps be performed in a specific order.
Accordingly, where a method claim does not specifically state
in the claims or descriptions that the steps are to be limited to
a specific order, it is no way intended that an order be inferred,
in any respect. This holds for any possible non-express basis
for interpretation, including matters of logic with respect to
arrangement of steps or operational flow, plain meaning
derived from grammatical organization or punctuation, or the
number or type of aspects described in the specification.

DESCRIPTION

The present invention can be understood more readily by
reference to the following detailed description of the inven-
tion and the Examples included therein.

Before the present compounds, compositions, articles, sys-
tems, devices, and/or methods are disclosed and described, it
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is to be understood that they are not limited to specific syn-
thetic methods unless otherwise specified, or to particular
reagents unless otherwise specified, as such may, of course,
vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular aspects only
and is not intended to be limiting. Although any methods and
materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention,
example methods and materials are now described.

All publications mentioned herein are incorporated herein
by reference to disclose and describe the methods and/or
materials in connection with which the publications are cited.
The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present applica-
tion. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publica-
tion by virtue of prior invention. Further, the dates of publi-
cation provided herein can be different from the actual pub-
lication dates, which can require independent confirmation.

1. DEFINITIONS

As used herein, nomenclature for compounds, including
organic compounds, can be given using common names,
IUPAC, TUBMB, or CAS recommendations for nomencla-
ture. When one or more stereochemical features are present,
Cahn-Ingold-Prelog rules for stereochemistry can be
employed to designate stereochemical priority, E/Z specifi-
cation, and the like. One of skill in the art can readily ascertain
the structure of a compound if given a name, either by sys-
temic reduction of the compound structure using naming
conventions, or by commercially available software, such as
ChemDraw™ (Cambridgesoft Corporation, U.S.A.).

As used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a functional group,” “an alkyl,” or “a
residue” includes mixtures of two or more such functional
groups, alkyls, or residues, and the like.

Ranges can be expressed herein as from “about” one par-
ticular value, and/or to “about” another particular value.
When such a range is expressed, a further aspect includes
from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approxima-
tions, by use of the antecedent “about,” it will be understood
that the particular value forms a further aspect. It will be
further understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint, and inde-
pendently of the other endpoint. It is also understood that
there are a number of values disclosed herein, and that each
value is also herein disclosed as “about” that particular value
in addition to the value itself. For example, if the value “10”
is disclosed, then “about 10” is also disclosed. It is also
understood that each unit between two particular units are
also disclosed. For example, if 10 and 15 are disclosed, then
11, 12, 13, and 14 are also disclosed.

References in the specification and concluding claims to
parts by weight of a particular element or component in a
composition denotes the weight relationship between the ele-
ment or component and any other elements or components in
the composition or article for which a part by weight is
expressed. Thus, in a compound containing 2 parts by weight
of component X and 5 parts by weight componentY, X andY
are present at a weight ratio of 2:5, and are present in such
ratio regardless of whether additional components are con-
tained in the compound.
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A weight percent (wt. %) of a component, unless specifi-
cally stated to the contrary, is based on the total weight of the
formulation or composition in which the component is
included.

Asused herein, the terms “optional” or “optionally” means
that the subsequently described event or circumstance can or
can not occur, and that the description includes instances
where said event or circumstance occurs and instances where
it does not.

Asused herein, the term “subject” can be a vertebrate, such
as amammal, a fish, a bird, a reptile, or an amphibian. Thus,
the subject of the herein disclosed methods can be a human,
non-human primate, horse, pig, rabbit, dog, sheep, goat, cow,
cat, guinea pig or rodent. The term does not denote a particu-
lar age or sex. Thus, adult and newborn subjects, as well as
fetuses, whether male or female, are intended to be covered.
In one aspect, the subject is a mammal A patient refers to a
subject aftlicted with a disease or disorder. The term “patient”
includes human and veterinary subjects. In some aspects of
the disclosed methods, the subject has been diagnosed with a
need for treatment of a disorder of uncontrolled cellular pro-
liferation associated with a protein kinase dysfunction prior
to the administering step. In some aspects of the disclosed
method, the subject has been diagnosed with a need for inhi-
bition of a protein kinase prior to the administering step.

As used herein, the term “treatment” refers to the medical
management of a patient with the intent to cure, ameliorate,
stabilize, or prevent a disease, pathological condition, or dis-
order. This term includes active treatment, that is, treatment
directed specifically toward the improvement of a disease,
pathological condition, or disorder, and also includes causal
treatment, that is, treatment directed toward removal of the
cause of the associated disease, pathological condition, or
disorder. In addition, this term includes palliative treatment,
that is, treatment designed for the relief of symptoms rather
than the curing of the disease, pathological condition, or
disorder; preventative treatment, that is, treatment directed to
minimizing or partially or completely inhibiting the develop-
ment of the associated disease, pathological condition, or
disorder; and supportive treatment, that is, treatment
employed to supplement another specific therapy directed
toward the improvement of the associated disease, pathologi-
cal condition, or disorder. In various aspects, the term covers
any treatment of a subject, including a mammal (e.g., a
human), and includes: (i) preventing the disease from occur-
ring in a subject that can be predisposed to the disease but has
notyet been diagnosed as having it; (ii) inhibiting the disease,
i.e., arresting its development; or (iii) relieving the disease,
i.e., causing regression of the disease. In one aspect, the
subject is a mammal such as a primate, and, in a further
aspect, the subject is a human. The term “subject” also
includes domesticated animals (e.g., cats, dogs, etc.), live-
stock (e.g., cattle, horses, pigs, sheep, goats, etc.), and labo-
ratory animals (e.g., mouse, rabbit, rat, guinea pig, fruit fly,
zebra fish etc.).

Asusedherein, the term “prevent” or “preventing” refers to
precluding, averting, obviating, forestalling, stopping, or hin-
dering something from happening, especially by advance
action. It is understood that where reduce, inhibit or prevent
are used herein, unless specifically indicated otherwise, the
use of the other two words is also expressly disclosed.

As used herein, the term “diagnosed” means having been
subjected to a physical examination by a person of skill, for
example, a physician, and found to have a condition that can
be diagnosed or treated by the compounds, compositions, or
methods disclosed herein. For example, “diagnosed with
influenza” means having been subjected to a physical exami-
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nation by a person of skill, for example, a physician, and
found to have influenza. As a further example, “diagnosed
with a need for inhibition of endonuclease activity” refers to
having been subjected to a physical examination by a person
of skill, for example, a physician, and found to have a condi-
tion characterized by endonuclease activity. Such a diagnosis
can be in reference to a disorder, such as influenza, as dis-
cussed herein. For example, the term “diagnosed with a need
for treatment of influenza” refers to having been subjected to
a physical examination by a person of skill, for example, a
physician, and found to have disorder that can be ameliorated
by treatment of influenza.

As used herein, the phrase “identified to be in need of
treatment for a disorder,” or the like, refers to selection of a
subject based upon need for treatment of the disorder. For
example, a subject can be identified as having a need for
treatment of a disorder (e.g., influenza) based upon an earlier
diagnosis by a person of skill and thereafter subjected to
treatment for the disorder. It is contemplated that the identi-
fication can, in one aspect, be performed by a person different
from the person making the diagnosis. Itis also contemplated,
in a further aspect, that the administration can be performed
by one who subsequently performed the administration.

As used herein, the terms “administering” and “adminis-
tration” refer to any method of providing a pharmaceutical
preparation to a subject. Such methods are well known to
those skilled in the art and include, but are not limited to, oral
administration, transdermal administration, administration
by inhalation, nasal administration, topical administration,
intravaginal administration, ophthalmic administration,
intraaural administration, intracerebral administration, rectal
administration, sublingual administration, buccal administra-
tion, intraurethral administration, and parenteral administra-
tion, including injectable such as intravenous administration,
intra-arterial administration, intramuscular administration,
and subcutaneous administration. Administration can be con-
tinuous or intermittent. In various aspects, a preparation can
be administered therapeutically; that is, administered to treat
an existing disease or condition. In further various aspects, a
preparation can be administered prophylactically; that is,
administered for prevention of a disease or condition.

The term “contacting” as used herein refers to bringing a
disclosed compound and a cell, target receptor, or other bio-
logical entity together in such a manner that the compound
can affect the activity of the target (e.g., receptor, cell, etc.),
either directly; i.e., by interacting with the target itself, or
indirectly; i.e., by interacting with another molecule, co-fac-
tor, factor, or protein on which the activity of the target is
dependent.

As used herein, the terms “effective amount” and “amount
effective” refer to an amount that is sufficient to achieve the
desired result or to have an effect on an undesired condition.
Forexample, a “therapeutically effective amount” refers to an
amount that is sufficient to achieve the desired therapeutic
result or to have an effect on undesired symptoms, but is
generally insufficient to cause adverse side affects. The spe-
cific therapeutically effective dose level for any particular
patient will depend upon a variety of factors including the
disorder being treated and the severity of the disorder; the
specific composition employed; the age, body weight, gen-
eral health, sex, and diet of the patient; the time of adminis-
tration; the route of administration; the rate of excretion of the
specific compound employed; the duration of the treatment;
drugs used in combination or coincidental with the specific
compound employed and like factors well known in the medi-
cal arts. For example, it is well within the skill of the art to
start doses of a compound at levels lower than those required
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to achieve the desired therapeutic effect and to gradually
increase the dosage until the desired effect is achieved. If
desired, the effective daily dose can be divided into multiple
doses for purposes of administration. Consequently, single
dose compositions can contain such amounts or submultiples
thereofto make up the daily dose. The dosage can be adjusted
by the individual physician in the event of any contraindica-
tions. Dosage can vary, and can be administered in one or
more dose administrations daily, for one or several days.
Guidance can be found in the literature for appropriate dos-
ages for given classes of pharmaceutical products. In further
various aspects, a preparation can be administered in a “pro-
phylactically effective amount”; that is, an amount effective
for prevention of a disease or condition.

As used herein, “ECs,,” is intended to refer to the concen-
tration of a substance (e.g., a compound or a drug) that is
required for 50% agonism or activation of a biological pro-
cess, or component of a process, including a protein, subunit,
organelle, ribonucleoprotein, etc. In one aspect, an EC, can
refer to the concentration of a substance that is required for
50% agonism or activation in vivo, as further defined else-
where herein. In a further aspect, ECs, refers to the concen-
tration of agonist or activator that provokes a response half-
way between the baseline and maximum response.

As used herein, “ICy,,” is intended to refer to the concen-
tration of a substance (e.g., a compound or a drug) that is
required for 50% inhibition of a biological process, or com-
ponent of a process, including a protein, subunit, organelle,
ribonucleoprotein, etc. For example, an 1C;,, can refer to the
concentration of a substance that is required for 50% inhibi-
tion in vivo or the inhibition is measured in vitro, as further
defined elsewhere herein. Alternatively, ICs, refers to the half
maximal (50%) inhibitory concentration (IC) of a substance.

The term “pharmaceutically acceptable” describes a mate-
rial that is not biologically or otherwise undesirable, i.e.,
without causing an unacceptable level of undesirable biologi-
cal effects or interacting in a deleterious manner.

The term “stable,” as used herein, refers to compounds that
are not substantially altered when subjected to conditions to
allow for their production, detection, and, in certain aspects,
their recovery, purification, and use for one or more of the
purposes disclosed herein.

Asused herein, the term “derivative” refers to a compound
having a structure derived from the structure of a parent
compound (e.g., a compound disclosed herein) and whose
structure is sufficiently similar to those disclosed herein and
based upon that similarity, would be expected by one skilled
in the art to exhibit the same or similar activities and utilities
as the claimed compounds, or to induce, as a precursor, the
same or similar activities and utilities as the claimed com-
pounds. Exemplary derivatives include salts, esters, amides,
salts of esters or amides, and N-oxides of a parent compound.

Asused herein, the term “pharmaceutically acceptable car-
rier” refers to sterile aqueous or nonaqueous solutions, dis-
persions, suspensions or emulsions, as well as sterile powders
for reconstitution into sterile injectable solutions or disper-
sions just prior to use. Examples of suitable aqueous and
nonaqueous carriers, diluents, solvents or vehicles include
water, ethanol, polyols (such as glycerol, propylene glycol,
polyethylene glycol and the like), carboxymethylcellulose
and suitable mixtures thereof, vegetable oils (such as olive
oil) and injectable organic esters such as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of coating
materials such as lecithin, by the maintenance of the required
particle size in the case of dispersions and by the use of
surfactants. These compositions can also contain adjuvants
such as preservatives, wetting agents, emulsifying agents and
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dispersing agents. Prevention of the action of microorgan-
isms can be ensured by the inclusion of various antibacterial
and antifungal agents such as paraben, chlorobutanol, phenol,
sorbic acid and the like. It can also be desirable to include
isotonic agents such as sugars, sodium chloride and the like.
Prolonged absorption of the injectable pharmaceutical form
can be brought about by the inclusion of agents, such as
aluminum monostearate and gelatin, which delay absorption.
Injectable depot forms are made by forming microencapsule
matrices of the drug in biodegradable polymers such as poly-
lactide-polyglycolide, poly(orthoesters) and poly(anhy-
drides). Depending upon the ratio of drug to polymer and the
nature of the particular polymer employed, the rate of drug
release can be controlled. Depot injectable formulations are
also prepared by entrapping the drug in liposomes or micro-
emulsions which are compatible with body tissues. The
injectable formulations can be sterilized, for example, by
filtration through a bacterial-retaining filter or by incorporat-
ing sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other
sterile injectable media just prior to use. Suitable inert carriers
can include sugars such as lactose. Desirably, at least 95% by
weight of the particles of the active ingredient have an effec-
tive particle size in the range of 0.01 to 10 micrometers.

A residue of a chemical species, as used in the specification
and concluding claims, refers to the moiety that is the result-
ing product of the chemical species in a particular reaction
scheme or subsequent formulation or chemical product,
regardless of whether the moiety is actually obtained from the
chemical species. Thus, an ethylene glycol residue in a poly-
ester refers to one or more —OCH,CH,O— units in the
polyester, regardless of whether ethylene glycol was used to
prepare the polyester. Similarly, a sebacic acid residue in a
polyester refers to one or more —CO(CH,);CO— moieties
in the polyester, regardless of whether the residue is obtained
by reacting sebacic acid or an ester thereof to obtain the
polyester.

As used herein, the term “substituted” is contemplated to
include all permissible substituents of organic compounds. In
a broad aspect, the permissible substituents include acyclic
and cyclic, branched and unbranched, carbocyclic and het-
erocyclic, and aromatic and nonaromatic substituents of
organic compounds. [llustrative substituents include, for
example, those described below. The permissible substituents
can be one or more and the same or different for appropriate
organic compounds. For purposes of this disclosure, the het-
eroatoms, such as nitrogen, can have hydrogen substituents
and/or any permissible substituents of organic compounds
described herein which satisfy the valences of the heteroat-
oms. This disclosure is not intended to be limited in any
manner by the permissible substituents of organic com-
pounds. Also, the terms “substitution” or “substituted with”
include the implicit proviso that such substitution is in accor-
dance with permitted valence of the substituted atom and the
substituent, and that the substitution results in a stable com-
pound, e.g., a compound that does not spontaneously undergo
transformation such as by rearrangement, cyclization, elimi-
nation, etc. It is also contemplated that, in certain aspects,
unless expressly indicated to the contrary, individual substitu-
ents can be further optionally substituted (i.e., further substi-
tuted or unsubstituted).

In defining various terms, “A'” “A?” “A®” and “A*” are
used herein as generic symbols to represent various specific
substituents. These symbols can be any substituent, not lim-
ited to those disclosed herein, and when they are defined to be
certain substituents in one instance, they can, in another
instance, be defined as some other substituents.
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The term “alkyl” as used herein is a branched or
unbranched saturated hydrocarbon group of 1 to 24 carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, s-butyl, t-butyl, n-pentyl, isopentyl, s-pentyl, neo-
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl,
hexadecyl, eicosyl, tetracosyl, and the like. The alkyl group
can be cyclic or acyclic. The alkyl group can be branched or
unbranched. The alkyl group can also be substituted or unsub-
stituted. For example, the alkyl group can be substituted with
one or more groups including, but not limited to, alkyl,
cycloalkyl, alkoxy, amino, ether, halide, hydroxy, nitro, silyl,
sulfo-oxo, or thiol, as described herein. A “lower alkyl” group
is an alkyl group containing from one to six (e.g., from one to
four) carbon atoms.

For example, a “C1-C3 alkyl” group can be selected from
methyl, ethyl, n-propyl, i-propyl, and cyclopropyl, or from a
subset thereof. In certain aspects, the “C1-C3 alkyl” group
can be optionally further substituted. As a further example, a
“C1-C4 alkyl” group can be selected from methyl, ethyl,
n-propyl, i-propyl, cyclopropyl, n-butyl, i-butyl, s-butyl, t-bu-
tyl, and cyclobutyl, or from a subset thereof. In certain
aspects, the “C1-C4 alkyl” group can be optionally further
substituted. As a further example, a “C1-C6 alkyl” group can
be selected from methyl, ethyl, n-propyl, i-propyl, cyclopro-
pyl, n-butyl, i-butyl, s-butyl, t-butyl, cyclobutyl, n-pentyl,
i-pentyl, s-pentyl, t-pentyl, neopentyl, cyclopentyl, n-hexyl,
i-hexyl, 3-methylpentane, 2,3-dimethylbutane, neohexane,
and cyclohexane, or from a subset thereof. In certain aspects,
the “C1-C6 alkyl” group can be optionally further substituted.
As a further example, a “C1-C8 alkyl” group can be selected
from methyl, ethyl, n-propyl, i-propyl, cyclopropyl, n-butyl,
i-butyl, s-butyl, t-butyl, cyclobutyl, n-pentyl, i-pentyl, s-pen-
tyl, t-pentyl, neopentyl, cyclopentyl, n-hexyl, i-hexyl, 3-me-
thylpentane, 2,3-dimethylbutane, neohexane, cyclohexane,
heptane, cycloheptane, octane, and cyclooctane, or from a
subset thereof. In certain aspects, the “C1-C8 alkyl” group
can be optionally further substituted. As a further example, a
“C1-C12 alkyl” group can be selected from methyl, ethyl,
n-propyl, i-propyl, cyclopropyl, n-butyl, i-butyl, s-butyl, t-bu-
tyl, cyclobutyl, n-pentyl, i-pentyl, s-pentyl, t-pentyl, neopen-
tyl, cyclopentyl, n-hexyl, i-hexyl, 3-methylpentane, 2,3-dim-
ethylbutane, neohexane, cyclohexane, heptane,
cycloheptane, octane, cyclooctane, nonane, cyclononane,
decane, cyclodecane, undecane, cycloundecane, dodecane,
and cyclododecane, or from a subset thereof. In certain
aspects, the “C1-C12 alkyl” group can be optionally further
substituted.

Throughout the specification “alkyl” is generally used to
refer to both unsubstituted alkyl groups and substituted alkyl
groups; however, substituted alkyl groups are also specifi-
cally referred to herein by identifying the specific
substituent(s) on the alkyl group. For example, the term
“halogenated alkyl” or “haloalkyl” specifically refers to an
alkyl group that is substituted with one or more halide, e.g.,
fluorine, chlorine, bromine, or iodine. The term “alkoxy-
alkyl” specifically refers to an alkyl group that is substituted
with one or more alkoxy groups, as described below. The term
“alkylamino” specifically refers to an alkyl group that is
substituted with one or more amino groups, as described
below, and the like. When “alkyl” is used in one instance and
a specific term such as “alkylalcohol” is used in another, it is
not meant to imply that the term “alkyl” does not also refer to
specific terms such as “alkylalcohol” and the like.

This practice is also used for other groups described herein.
That is, while a term such as “cycloalkyl” refers to both
unsubstituted and substituted cycloalkyl moieties, the substi-
tuted moieties can, in addition, be specifically identified
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herein; for example, a particular substituted cycloalkyl can be
referred to as, e.g., an “alkylcycloalkyl.” Similarly, a substi-
tuted alkoxy can be specifically referred to as, e.g., a “halo-
genated alkoxy,” a particular substituted alkenyl can be, e.g.,
an “alkenylalcohol,” and the like. Again, the practice of using
a general term, such as “cycloalkyl,” and a specific term, such
as “alkylcycloalkyl,” is not meant to imply that the general
term does not also include the specific term.

The term “cycloalkyl” as used herein is a non-aromatic
carbon-based ring composed of at least three carbon atoms.
Examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl,
and the like. The term “heterocycloalkyl” is a type of
cycloalkyl group as defined above, and is included within the
meaning of the term “cycloalkyl,” where at least one of the
carbon atoms of the ring is replaced with a heteroatom such
as, but not limited to, nitrogen, oxygen, sulfur, or phosphorus.
The cycloalkyl group and heterocycloalkyl group can be sub-
stituted or unsubstituted. The cycloalkyl group and heterocy-
cloalkyl group can be substituted with one or more groups
including, but not limited to, alkyl, cycloalkyl, alkoxy, amino,
ether, halide, hydroxy, nitro, silyl, sulfo-oxo, nitrile, sulfona-
mide, or thiol as described herein.

The term “polyalkylene group” as used herein is a group
having two or more CH, groups linked to one another. The
polyalkylene group can be represented by the formula
—(CH,),—, where “a” is an integer of from 2 to 500.

The terms “alkoxy” and “alkoxyl” as used herein to refer to
an alkyl or cycloalkyl group bonded through an ether linkage;
that is, an “alkoxy” group can be defined as —OA® where A®
is alkyl or cycloalkyl as defined above. “Alkoxy” also
includes polymers of alkoxy groups as just described; that is,
an alkoxy can be a polyether such as —OA'-OA? or —OA!
(OA?),-OA>, where “a” is an integer of from 1 to 200 and A*,
A?, and A® are alkyl and/or cycloalkyl groups.

The term “alkenyl” as used herein is a hydrocarbon group
of from 2 to 24 carbon atoms with a structural formula con-
taining at least one carbon-carbon double bond. Asymmetric
structures such as (A'A?)C—=C(A®A*) are intended to
include both the E and Z isomers. This can be presumed in
structural formulae herein wherein an asymmetric alkene is
present, or it can be explicitly indicated by the bond symbol
C—C. The alkenyl group can be substituted with one or more
groups including, but not limited to, alkyl, cycloalkyl, alkoxy,
alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide,
hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, nitrile, sulfona-
mide, or thiol, as described herein.

The term “cycloalkenyl” as used herein is a non-aromatic
carbon-based ring composed of at least three carbon atoms
and containing at least one carbon-carbon double bound, i.e.,
C—C. Examples of cycloalkenyl groups include, but are not
limited to, cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclopentadienyl, cyclohexenyl, cyclohexadienyl, norborne-
nyl, and the like. The term “heterocycloalkenyl” is a type of
cycloalkenyl group as defined above, and is included within
the meaning of the term “cycloalkenyl,” where at least one of
the carbon atoms of the ring is replaced with a heteroatom
such as, but not limited to, nitrogen, oxygen, sulfur, or phos-
phorus. The cycloalkenyl group and heterocycloalkenyl
group can be substituted or unsubstituted. The cycloalkenyl
group and heterocycloalkenyl group can be substituted with
one or more groups including, but not limited to, alkyl,
cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, heteroaryl, aldehyde, amino, carboxylic acid, ester,
ether, halide, hydroxy, ketone, azide, nitro, silyl, sulfo-oxo,
nitrile, sulfonamide, or thiol as described herein.
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The term “alkynyl” as used herein is a hydrocarbon group
of'2 to 24 carbon atoms with a structural formula containing
at least one carbon-carbon triple bond. The alkynyl group can
be unsubstituted or substituted with one or more groups
including, but not limited to, alkyl, cycloalkyl, alkoxy, alk-
enyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide,
hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, nitrile, sulfona-
mide, or thiol, as described herein.

The term “cycloalkynyl” as used herein is a non-aromatic
carbon-based ring composed of at least seven carbon atoms
and containing at least one carbon-carbon triple bound.
Examples of cycloalkynyl groups include, but are not limited
to, cycloheptynyl, cyclooctynyl, cyclononynyl, and the like.
The term “heterocycloalkynyl” is a type of cycloalkenyl
group as defined above, and is included within the meaning of
the term “cycloalkynyl,” where at least one of the carbon
atoms of the ring is replaced with a heteroatom such as, but
not limited to, nitrogen, oxygen, sulfur, or phosphorus. The
cycloalkynyl group and heterocycloalkynyl group can be sub-
stituted or unsubstituted. The cycloalkynyl group and hetero-
cycloalkynyl group can be substituted with one or more
groups including, but not limited to, alkyl, cycloalkyl, alkoxy,
alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide,
hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, nitrile, sulfona-
mide, or thiol as described herein.

The term “aryl” as used herein is a group that contains any
carbon-based aromatic group including, but not limited to,
benzene, naphthalene, phenyl, biphenyl, phenoxybenzene,
and the like. The term “aryl” also includes “heteroaryl,”
which is defined as a group that contains an aromatic group
that has at least one heteroatom incorporated within the ring
of'the aromatic group. Examples of heteroatoms include, but
are not limited to, nitrogen, oxygen, sulfur, and phosphorus.
Likewise, the term “non-heteroaryl,” which is also included
in the term “aryl,” defines a group that contains an aromatic
group that does not contain a heteroatom. The aryl group can
be substituted or unsubstituted. The aryl group can be substi-
tuted with one or more groups including, but not limited to,
alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic
acid, ester, ether, halide, hydroxy, ketone, azide, nitro, silyl,
sulfo-oxo, nitrile, sulfonamide, or thiol as described herein.
The term “biaryl” is a specific type of aryl group and is
included in the definition of “aryl.” Biaryl refers to two aryl
groups that are bound together via a fused ring structure, as in
naphthalene, or are attached via one or more carbon-carbon
bonds, as in biphenyl.

The term “aldehyde” as used herein is represented by the
formula C(O)H. Throughout this specification “C(0)” is a
short hand notation for a carbonyl group, i.e., C—0.

The terms “amine” or “amino” as used herein are repre-
sented by the formula —NA'A?, where A’ and A? can be,
independently, hydrogen or alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
as described herein.

The term “alkylamino” as used herein is represented by the
formula —NH(-alkyl) where alkyl is a described herein. Rep-
resentative examples include, but are not limited to, methy-
lamino group, ethylamino group, propylamino group, isopro-
pylamino group, butylamino group, isobutylamino group,
(sec-butyl)amino group, (tert-butyl)amino group, penty-
lamino group, isopentylamino group, (tert-pentyl)amino
group, hexylamino group, and the like.

The term “dialkylamino” as used herein is represented by
the formula —N(-alkyl), where alkyl is a described herein.
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Representative examples include, but are not limited to, dim-
ethylamino group, diethylamino group, dipropylamino
group, diisopropylamino group, dibutylamino group,
diisobutylamino group, di(sec-butyl)amino group, di(tert-bu-
tyl)amino group, dipentylamino group, diisopentylamino
group, di(tert-pentyl)amino group, dihexylamino group,
N-ethyl-N-methylamino group, N-methyl-N-propylamino
group, N-ethyl-N-propylamino group and the like.

Theterm “carboxylic acid” as used herein is represented by
the formula —C(O)OH.

The term “ester” as used herein is represented by the for-
mula —OC(O)A' or —C(O)OA', where A' can be alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group as described herein. The term “poly-
ester” as used herein is represented by the formula -(A'O(0O)
C-A%-C(0)0),— or (A'O(0)C-A*-0C(0)),—, where A’
and A? can be, independently, an alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
described herein and “a” is an integer from 1 to 500. “Poly-
ester” is as the term used to describe a group that is produced
by the reaction between a compound having at least two
carboxylic acid groups with a compound having at least two
hydroxyl groups.

The term “ether” as used herein is represented by the for-
mula A'OA?, where A® and A can be, independently, an
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group described herein. The term
“polyether” as used herein is represented by the formula
-(A'0-A%0),—, where A' and A® can be, independently, an
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group described herein and “a” is an
integer of from 1 to 500. Examples of polyether groups
include polyethylene oxide, polypropylene oxide, and poly-
butylene oxide.

The terms “halogen,” “halide,” and “halo,” as used herein,
refer to the halogens fluorine, chlorine, bromine, and iodine.
It is also contemplated that, in various aspects, halogen can be
selected from fluoro, chloro, bromo, and iodo. For example,
halogen can be selected from fluoro, chloro, and bromo. As a
further example, halogen can be selected from fluoro and
chloro. As a further example, halogen can be selected from
chloro and bromo. As a further example, halogen can be
selected from bromo and iodo. As a further example, halogen
can be selected from chloro, bromo, and iodo. In one aspect,
halogen can be fluoro. In a further aspect, halogen can be
chloro. In a still further aspect, halogen is bromo. In a yet
further aspect, halogen is iodo.

Itis also contemplated that, in certain aspects, pseudohalo-
gens (e.g. triflate, mesylate, tosylate, brosylate, etc.) can be
used in place of halogens. For example, in certain aspects,
halogen can be replaced by pseudohalogen. As a further
example, pseudohalogen can be selected from triflate, mesy-
late, tosylate, and brosylate. In one aspect, pseudohalogen is
triflate. In a further aspect, pseudohalogen is mesylate. In a
further aspect, pseudohalogen is tosylate. In a further aspect,
pseudohalogen is brosylate.

The term “heterocycle,” as used herein refers to single and
multi-cyclic aromatic or non-aromatic ring systems in which
at least one of the ring members is other than carbon. Hetero-
cycle includes azetidine, dioxane, furan, imidazole, isothiaz-
ole, isoxazole, morpholine, oxazole, oxazole, including, 1,2,
3-oxadiazole, 1,2,5-oxadiazole and 1,3,4-oxadiazole,
piperazine, piperidine, pyrazine, pyrazole, pyridazine, pyri-
dine, pyrimidine, pyrrole, pyrrolidine, tetrahydrofuran, tet-
rahydropyran, tetrazine, including 1,2.4,5-tetrazine, tetra-
zole, including 1,2,34-tetrazole and 1,2,4,5-tetrazole,
thiadiazole, including, 1,2,3-thiadiazole, 1,2,5-thiadiazole,
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and 1,3,4-thiadiazole, thiazole, thiophene, triazine, including
1,3,5-triazine and 1,2,4-triazine, triazole, including, 1,2,3-
triazole, 1,3,4-triazole, and the like.

The term “hydroxyl” as used herein is represented by the
formula —OH.

The term “ketone” as used herein is represented by the
formula A*C(O)A?, where A' and A” can be, independently,
an alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, or heteroaryl group as described herein.

The term “azide” as used herein is represented by the
formula —Nj.

The term “nitro” as used herein is represented by the for-
mula —NO,.

The term “nitrile” as used herein is represented by the
formula —CN.

The term “silyl” as used herein is represented by the for-
mula —SiA*A%A®, where A', A% and A® can be, indepen-
dently, hydrogen or an alkyl, cycloalkyl, alkoxy, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
as described herein.

The term “sulfo-oxo” as used herein is represented by the
formulas —S(0O)A', —S(0),A', —0S(0),A', or —OS(0),
OA', where A' can be hydrogen or an alkyl, cycloalkyl, alk-
enyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl
group as described herein. Throughout this specification
“S(0)” is a short hand notation for S—O. The term “sulfonyl”
is used herein to refer to the sulfo-oxo group represented by
the formula —S(0),A', where A’ can be hydrogen or an
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group as described herein. The term
“sulfone” as used herein is represented by the formula A'S
(0),A?, where A' and A” can be, independently, an alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group as described herein. The term “sul-
foxide” as used herein is represented by the formula A'S(O)
A2 where A' and A® can be, independently, an alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group as described herein.

The term “thiol” as used herein is represented by the for-
mula —SH.

“R!“R27“R3”*“Rn,” wheren is an integer, as used herein
can, independently, possess one or more of the groups listed
above. For example, if R! is a straight chain alkyl group, one
of the hydrogen atoms of the alkyl group can optionally be
substituted with a hydroxyl group, an alkoxy group, an alkyl
group, a halide, and the like. Depending upon the groups that
are selected, a first group can be incorporated within second
group or, alternatively, the first group can be pendant (i.e.,
attached) to the second group. For example, with the phrase
“an alkyl group comprising an amino group,” the amino
group can be incorporated within the backbone of the alkyl
group. Alternatively, the amino group can be attached to the
backbone of the alkyl group. The nature of the group(s) that is
(are) selected will determine if the first group is embedded or
attached to the second group.

As described herein, compounds of the invention may con-
tain “optionally substituted” moieties. In general, the term
“substituted,” whether preceded by the term “optionally” or
not, means that one or more hydrogens of the designated
moiety are replaced with a suitable substituent. Unless oth-
erwise indicated, an “optionally substituted” group may have
a suitable substituent at each substitutable position of the
group, and when more than one position in any given struc-
ture may be substituted with more than one substituent
selected from a specified group, the substituent may be either
the same or different at every position. Combinations of sub-
stituents envisioned by this invention are preferably those that
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result in the formation of stable or chemically feasible com-
pounds. In is also contemplated that, in certain aspects, unless
expressly indicated to the contrary, individual substituents
can be further optionally substituted (i.e., further substituted
or unsubstituted).

Suitable monovalent substituents on a substitutable carbon
atom of an “optionally substituted” group are independently
halogen; —(CH,)y,R”; —(CH,)q,OR”; —O(CH,),.4R",
—O(CH,)o.4C(O)OR?, —(CH,), ,CH(OR"),; —(CH,), 4
SR°; —(CH,),.,Ph, which may be substituted with R°;
—(CH,)_4O(CH,),_; Ph which may be substituted with R”;
—CH—CHPh, which may be substituted with R°;

—(CH,)q_sO(CH,)g_; -pyrldyl which may be substituted Wlth
R? —NO,; —CN; —N;; —(CH,), N(R"),; —(CH,)_ N
(ROCO)R"; —N(RD)C(S)RD —(CH,),_.N(R*)IC(ONR,;
—NROCSNR",; —(CH,), ,NR*)C(O)OR*; —N(R?)
NRC(O)R?; —N(RIN(RC(O)NR®,; —NRN(R")C
(O)OR"; —(CH,)o4C(O)R"; —C(S)R”; —(CH,)o4C(O)
OR?%; —(CH,), 4C(O)SR?; —(CH,),4,C(O)OSIR"5;
—(CH,),;0C(O)R*; —OC(O)(CH,),.,SR, —SC(S)SR*;
—(CH,), ,SC(O)R®; (—CH,), ,C(O)NR®,; —C(SNR®,;
—C(S)SR”; —SC(S)SR®, —(CH,),,OC(O)NR",; —C(O)
N(OR®)R?; —C(O)C(O)R=; —C(O)CH,C(O)R®;
—C(NOR"R";  —(CH,)04SSR™;  —(CH,)5.4S(0),R";
—(CH,)0.45(0),0R”; —(CH,)o_4OS(0),R"; —S(O),NR";;
—(CH,),,S(O)R"; —N(R*)S(0),NR*,; —N(R*)S(0),R*;
—N(OR”)R®; —C(NH)NR",; —P(O),R%; —P(O)R",;
—OP(O)R°,; —OP(O)(OR?),; —SiR°,; —(C,_, straight or
branched)alkylene)O—N(R"),; or (C, _, straight or branched
alkylene)C(O)O)—N(R?),, wherein each R° may be substi-
tuted as defined below and is independently hydrogen, C,
aliphatic, —CH,Ph, —O(CH,),_,Ph, —CH,-(5-6 membered
heteroaryl ring), or a 5-6 membered saturated, partially unsat-
urated, or aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or, notwithstanding
the definition above, two independent occurrences of R°,
taken together with their intervening atom(s), form a 3-12-
membered saturated, partially unsaturated, or aryl mono or
bicyclic ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, which may be substituted as
defined below.

Suitable monovalent substituents on R° (or the ring formed
by taking two independent occurrences of R° together with
their intervening atoms), are independently halogen,
—(CH,)5, R®, -(haloR®), —(CH,),,OH, —(CH,5),.
OR®, —(CH,), ,CH(OR®),; —O(haloR®), —CN, —N,,
—(CH,),., COR®, —(CH,), ,C(O)OH, —(CH,), ,C(0)
OR®, " —(CH, ) SR®, —{CIL), ;SH, —(CH,),_NIL,
—(CH, g2 NHR®, —(CH,), ,NR®,, —NO,, —SiR®,,
—OSiR"; —C(O)SR. —(Cy4 stralght or branched alky-
lene)C(O)OR. or SSR*® wherein each R® is unsubstituted or
where preceded by “halo” is substituted only with one or
more halogens, and is independently selected from C, ali-
phatic, —CH,Ph, —O(CH,),_,Ph, or a 5-6-membered satu-
rated, partially unsaturated, or aryl ring having 0-4 heteroat-
oms independently selected from nitrogen, oxygen, or sulfur.
Suitable divalent substituents on a saturated carbon atom of
R® include —O and —S.

Suitable divalent substituents on a saturated carbon atom of
an “optionally substituted” group include the following: —O,

—S, =—NNR¥*,, —NNHC(O)R*, —NNHC(O)OR¥,
—NNHS(0),R*, —NR*, —NOR*, —O(C(R*,)), ;O0—, or
—S(C(R*,)), 38—, wherein each independent occurrence of

R* is selected from hydrogen, C, ¢ aliphatic which may be
substituted as defined below, or an unsubstituted 5-6-mem-
bered saturated, partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen, oxygen,
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or sulfur. Suitable divalent substituents that are bound to
vicinal substitutable carbons of an “optionally substituted”
group include: —O(CR*,), ;O—, wherein each independent
occurrence of R* is selected from hydrogen, C, 4 aliphatic
which may be substituted as defined below, or an unsubsti-
tuted 5-6-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur.

Suitable substituents on the aliphatic group of R* include
halogen, —R®, -(haloR®), —OH, —OR®, —O(haloR®),
—CN, —C(O)0OH, —C(O)OR®, —NH,, —NHR®,
—NR®,, or —NO,, wherein each R® is unsubstituted or
where preceded by “halo” is substituted only with one or
more halogens, and is independently C, aliphatic, CH,Ph,
O(CH,)q_,Ph, or a 5-6-membered saturated, partially unsat-
urated, or aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur.

Suitable substituents on a substitutable nitrogen of an
“optionally substituted” group include —RT, —NRT,,
—C(O)RT, —C(O)ORT, —C(O)C(O)RT, —C(O)CH,C(O)
RY,—S(0),R", —S(0),NR*,, —C(S)NR',, —C(NH)NR?,,
or —N(RNS(O),RT; wherein each RT is independently
hydrogen, C, , aliphatic which may be substituted as defined
below, unsubstituted —OPh, or an unsubstituted 5-6-mem-
bered saturated, partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen, oxygen,
or sulfur, or, notwithstanding the definition above, two inde-
pendent occurrences of R¥, taken together with their interven-
ing atom(s) form an unsubstituted 3-12-membered saturated,
partially unsaturated, or aryl mono or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen, oxygen,
or sulfur.

Suitable substituents on the aliphatic group of R are inde-
pendently halogen, R®, -(haloR®), —OH, —OR®, —O(ha-
IoR®), —CN, —C(0)OH, —C(O)OR®, —NH,, —NHR®,
—NR®,, or —NO,, wherein each R® is unsubstituted or
where preceded by “halo” is substituted only with one or
more halogens, and is independently C, aliphatic, —CH,Ph,
—O(CH,),_,Ph, or a 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur.

The term “leaving group” refers to an atom (or a group of
atoms) with electron withdrawing ability that can be dis-
placed as a stable species, taking with it the bonding elec-
trons. Examples of suitable leaving groups include halides
including chloro, bromo, and iodo—and pseudohalides (sul-
fonate esters)—including triflate, mesylate, tosylate, and
brosylate. It is also contemplated that a hydroxyl moiety can
be converted into a leaving group via Mitsunobu reaction.

The terms “hydrolysable group” and “hydrolysable moi-
ety” refer to a functional group capable of undergoing
hydrolysis, e.g., under basic or acidic conditions. Examples
of hydrolysable residues include, without limitatation, acid
halides, activated carboxylic acids, and various protecting
groups known in the art (see, for example, Protective Groups
in Organic Synthesis, T. W. Greene, P. G. M. Wuts, Wiley-
Interscience, 1999).

The term “protecting group” means a group which protects
one or more functional groups of a compound giving rise to a
protected derivative of the specified compound. Functional
groups which may be protected include, by way of example,
amino groups, hydroxyl groups, and the like. Protecting
groups are well-known to those skilled in the art and are
described, for example, in T. W. Greene and G. M. Wuts,
Protective Groups in Organic Synthesis, Third Edition,
Wiley, New York, 1999, and references cited therein.
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The term “amino-protecting group” means a protecting
group suitable for preventing undesired reactions at an amino
group, include, but are not limited to, tert-butoxycarbonyl
(BOC), trityl (Tr), benzyloxycarbonyl (Cbz), 9-fluorenyl-
methoxycarbonyl (FMOC), formyl, trimethylsilyl (TMS),
tert-butyldimethylsilyl (TBS), benzyl, p-methoxybenzyl,
p-fluorobenzyl, p-chlorobenzyl, p-bromobenzyl, diphenylm-
ethyl naphtylmethyl, tetrahydropyran (THP), and the like.

The term “hydroxyl-protecting group” means a protecting
group suitable for preventing undesirable reactions at a
hydroxyl group. Representative hydroxyl-protecting groups
include, but are not limited to, sibyl groups including tri(1-
6C)-alkylsilyl groups, such as trimethylsilyl (TMS), triethyl-
silyl (TES), tert-butyldimethylsilyl (TBS), and the like; esters
(acyl groups) including (1-6C)-alkanoyl groups, such as
formyl, acetyl, and the like; arylmethyl groups, such as ben-
zyl (Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm),
diphenylmethyl (benzhydryl, DPM), tetrahydropyran (THP),
methoxylmethyl (MOM), methylthiomethyl (MTM), benzy-
loxymethyl (BOM), and the like.

The term “organic residue” defines a carbon containing
residue, i.e., a residue comprising at least one carbon atom,
and includes but is not limited to the carbon-containing
groups, residues, or radicals defined hereinabove. Organic
residues can contain various heteroatoms, or be bonded to
another molecule through a heteroatom, including oxygen,
nitrogen, sulfur, phosphorus, or the like. Examples of organic
residues include but are not limited alkyl or substituted alkyls,
alkoxy or substituted alkoxy, mono or di-substituted amino,
amide groups, etc. Organic residues can preferably comprise
1 to 18 carbon atoms, 1 to 15, carbon atoms, 1 to 12 carbon
atoms, 1 to 8 carbon atoms, 1 to 6 carbon atoms, or 1 to 4
carbon atoms. In a further aspect, an organic residue can
comprise 2 to 18 carbon atoms, 2 to 15, carbon atoms, 2 to 12
carbon atoms, 2 to 8 carbon atoms, 2 to 4 carbon atoms, or 2
to 4 carbon atoms.

A very close synonym of the term “residue” is the term
“radical,” which as used in the specification and concluding
claims, refers to a fragment, group, or substructure of a mol-
ecule described herein, regardless of how the molecule is
prepared. For example, a 2,4-thiazolidinedione radical in a
particular compound has the structure:

regardless of whether thiazolidinedione is used to prepare the
compound. In some embodiments the radical (for example an
alkyl) can be further modified (i.e., substituted alkyl) by hav-
ing bonded thereto one or more “substituent radicals.” The
number of atoms in a given radical is not critical to the present
invention unless it is indicated to the contrary elsewhere
herein.

“Organic radicals,” as the term is defined and used herein,
contain one or more carbon atoms. An organic radical can
have, for example, 1-26 carbon atoms, 1-18 carbon atoms,
1-12 carbon atoms, 1-8 carbon atoms, 1-6 carbon atoms, or
1-4 carbon atoms. In a further aspect, an organic radical can
have 2-26 carbon atoms, 2-18 carbon atoms, 2-12 carbon
atoms, 2-8 carbon atoms, 2-6 carbon atoms, or 2-4 carbon
atoms. Organic radicals often have hydrogen bound to at least
some of the carbon atoms of the organic radical. One
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example, of an organic radical that comprises no inorganic
atoms is a 5,6,7,8-tetrahydro-2-naphthyl radical. In some
embodiments, an organic radical can contain 1-10 inorganic
heteroatoms bound thereto or therein, including halogens,
oxygen, sulfur, nitrogen, phosphorus, and the like. Examples
of organic radicals include but are not limited to an alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, mono-
substituted amino, di-substituted amino, acyloxy, cyano, car-
boxy, carboalkoxy, alkylcarboxamide, substituted alkylcar-
boxamide, dialkylcarboxamide, substituted
dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, thioalkyl,
thiohaloalkyl, alkoxy, substituted alkoxy, haloalkyl,
haloalkoxy, aryl, substituted aryl, heteroaryl, heterocyclic, or
substituted heterocyclic radicals, wherein the terms are
defined elsewhere herein. A few non-limiting examples of
organic radicals that include heteroatoms include alkoxy
radicals, trifluoromethoxy radicals, acetoxy radicals, dim-
ethylamino radicals and the like.

“Inorganic radicals,” as the term is defined and used herein,
contain no carbon atoms and therefore comprise only atoms
other than carbon. Inorganic radicals comprise bonded com-
binations of atoms selected from hydrogen, nitrogen, oxygen,
silicon, phosphorus, sulfur, selenium, and halogens such as
fluorine, chlorine, bromine, and iodine, which can be present
individually or bonded together in their chemically stable
combinations. Inorganic radicals have 10 or fewer, or prefer-
ably one to six or one to four inorganic atoms as listed above
bonded together. Examples of inorganic radicals include, but
not limited to, amino, hydroxy, halogens, nitro, thiol, sulfate,
phosphate, and like commonly known inorganic radicals. The
inorganic radicals do not have bonded therein the metallic
elements of the periodic table (such as the alkali metals,
alkaline earth metals, transition metals, lanthanide metals, or
actinide metals), although such metal ions can sometimes
serve as a pharmaceutically acceptable cation for anionic
inorganic radicals such as a sulfate, phosphate, or like anionic
inorganic radical. Inorganic radicals do not comprise metal-
loids elements such as boron, aluminum, gallium, germa-
nium, arsenic, tin, lead, or tellurium, or the noble gas ele-
ments, unless otherwise specifically indicated elsewhere
herein.

Compounds described herein can contain one or more
double bonds and, thus, potentially give rise to cis/trans (E/Z)
isomers, as well as other conformational isomers. Unless
stated to the contrary, the invention includes all such possible
isomers, as well as mixtures of such isomers.

Unless stated to the contrary, a formula with chemical
bonds shown only as solid lines and not as wedges or dashed
lines contemplates each possible isomer, e.g., each enanti-
omer and diastereomer, and a mixture of isomers, such as a
racemic or scalemic mixture. Compounds described herein
can contain one or more asymmetric centers and, thus, poten-
tially give rise to diastereomers and optical isomers. Unless
stated to the contrary, the present invention includes all such
possible diastereomers as well as their racemic mixtures, their
substantially pure resolved enantiomers, all possible geomet-
ric isomers, and pharmaceutically acceptable salts thereof.
Mixtures of stereoisomers, as well as isolated specific stere-
oisomers, are also included. During the course of the syn-
thetic procedures used to prepare such compounds, or in
using racemization or epimerization procedures known to
those skilled in the art, the products of such procedures can be
a mixture of stereoisomers.

Many organic compounds exist in optically active forms
having the ability to rotate the plane of plane-polarized light.
In describing an optically active compound, the prefixes D
and L orR and S are used to denote the absolute configuration
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of the molecule about its chiral center(s). The prefixes d
and/or (+) and (-) are employed to designate the sign of
rotation of plane-polarized light by the compound, with (-)
or/meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory. For a given chemical
structure, these compounds, called stereoisomers, are identi-
cal except that they are non-superimposable mirror images of
one another. A specific stereoisomer can also be referred to as
an enantiomer, and a mixture of such isomers is often called
an enantiomeric mixture. A 50:50 mixture of enantiomers is
referred to as a racemic mixture. Many of the compounds
described herein can have one or more chiral centers and
therefore can exist in different enantiomeric forms. If desired,
a chiral carbon can be designated with an asterisk (*). When
bonds to the chiral carbon are depicted as straight lines in the
disclosed formulas, it is understood that both the (R) and (S)
configurations of the chiral carbon, and hence both enanti-
omers and mixtures thereof, are embraced within the formula.
As is used in the art, when it is desired to specify the absolute
configuration about a chiral carbon, one of the bonds to the
chiral carbon can be depicted as a wedge (bonds to atoms
above the plane) and the other can be depicted as a series or
wedge of short parallel lines is (bonds to atoms below the
plane). The Cahn-Inglod-Prelog system can be used to assign
the (R) or (S) configuration to a chiral carbon.

Compounds described herein comprise atoms in both their
natural isotopic abundance and in non-natural abundance.
The disclosed compounds can be isotopically-labelled or iso-
topically-substituted compounds identical to those described,
but for the fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the
atomic mass or mass number typically found in nature.
Examples of isotopes that can be incorporated into com-
pounds ofthe invention include isotopes ofhydrogen, carbon,
nitrogen, oxygen, phosphorous, fluorine and chlorine, such as
H, *H, 1°C, *C, *N, ®0, 70, 3°S, '®F and *°Cl, respec-
tively. Compounds further comprise prodrugs thereof, and
pharmaceutically acceptable salts of said compounds or of
said prodrugs which contain the aforementioned isotopes
and/or other isotopes of other atoms are within the scope of
this invention. Certain isotopically-labelled compounds of
the present invention, for example those into which radioac-
tive isotopes such as *H and *C are incorporated, are useful
in drug and/or substrate tissue distribution assays. Tritiated,
i.e., *°H, and carbon-14, i.e., *C, isotopes are particularly
preferred for their ease of preparation and detectability. Fur-
ther, substitution with heavier isotopes such as deuterium,
i.e., 2H, can afford certain therapeutic advantages resulting
from greater metabolic stability, for example increased in
vivo half-life or reduced dosage requirements and, hence,
may be preferred in some circumstances. Isotopically
labelled compounds of the present invention and prodrugs
thereof can generally be prepared by carrying out the proce-
dures below, by substituting a readily available isotopically
labelled reagent for a non-isotopically labelled reagent.

The compounds described in the invention can be present
as a solvate. In some cases, the solvent used to prepare the
solvate is an aqueous solution, and the solvate is then often
referred to as a hydrate. The compounds can be present as a
hydrate, which can be obtained, for example, by crystalliza-
tion from a solvent or from aqueous solution. In this connec-
tion, one, two, three or any arbitrary number of solvate or
water molecules can combine with the compounds according
to the invention to form solvates and hydrates. Unless stated
to the contrary, the invention includes all such possible sol-
vates.
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The term “co-crystal” means a physical association of two
or more molecules which owe their stability through non-
covalent interaction. One or more components of this
molecular complex provide a stable framework in the crys-
talline lattice. In certain instances, the guest molecules are
incorporated in the crystalline lattice as anhydrates or sol-
vates, see e.g. “Crystal Engineering of the Composition of
Pharmaceutical Phases. Do Pharmaceutical Co-crystals Rep-
resent a New Path to Improved Medicines?”” Almarasson, O.,
et. al., The Royal Society of Chemistry, 1889-1896, 2004.
Examples of co-crystals include p-toluenesulfonic acid and
benzenesulfonic acid.

It is also appreciated that certain compounds described
herein can be present as an equilibrium of tautomers. For
example, ketones with an a-hydrogen can exist in an equilib-
rium of the keto form and the enol form.

o) OH
AN
H H H
keto form enol form
(¢] OH
H

amide form imidic acid form

Likewise, amides with an N-hydrogen can exist in an equi-
librium of the amide form and the imidic acid form. Unless
stated to the contrary, the invention includes all such possible
tautomers.

It is known that chemical substances form solids which are
present in different states of order which are termed polymor-
phic forms or modifications. The different modifications of a
polymorphic substance can differ greatly in their physical
properties. The compounds according to the invention can be
present in different polymorphic forms, with it being possible
for particular modifications to be metastable. Unless stated to
the contrary, the invention includes all such possible poly-
morphic forms.

In some aspects, a structure of a compound can be repre-
sented by a formula:

A
Va

R”

which is understood to be equivalent to a formula:

RHM@
RO),
RM© R#©)

RHD
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wherein n is typically an integer. That is, Rn is understood to
represent five independent substituents, R”(®, R"®), R
R"@, R"®, By “independent substituents,” it is meant that
each R substituent can be independently defined. For
example, if in one instance R”® is halogen, then R"® is not
necessarily halogen in that instance.

Certain materials, compounds, compositions, and compo-
nents disclosed herein can be obtained commercially or
readily synthesized using techniques generally known to
those of skill in the art. For example, the starting materials and
reagents used in preparing the disclosed compounds and
compositions are either available from commercial suppliers
such as Sigma-Aldrich Chemical Co., (Milwaukee, Wis.),
Acros Organics (Morris Plains, N.J.), Fisher Scientific (Pitts-
burgh, Pa.), or Sigma (St. Louis, Mo.) or are prepared by
methods known to those skilled in the art following proce-
dures set forth in references such as Fieser and Fieser’s
Reagents for Organic Synthesis, Volumes 1-17 (John Wiley
and Sons, 1991); Rodd’s Chemistry of Carbon Compounds,
Volumes 1-5 and Supplementals (Elsevier Science Publish-
ers, 1989); Organic Reactions, Volumes 1-40 (John Wiley
and Sons, 1991); March’s Advanced Organic Chemistry,
(John Wiley and Sons, 4th Edition); and Larock’s Compre-
hensive Organic Transformations (VCH Publishers Inc.,
1989).

Unless otherwise expressly stated, it is in no way intended
that any method set forth herein be construed as requiring that
its steps be performed in a specific order. Accordingly, where
a method claim does not actually recite an order to be fol-
lowed by its steps or it is not otherwise specifically stated in
the claims or descriptions that the steps are to be limited to a
specific order, it is no way intended that an order be inferred,
in any respect. This holds for any possible non-express basis
for interpretation, including: matters of logic with respect to
arrangement of steps or operational flow; plain meaning
derived from grammatical organization or punctuation; and
the number or type of embodiments described in the specifi-
cation.

Disclosed are the components to be used to prepare the
compositions of the invention as well as the compositions
themselves to be used within the methods disclosed herein.
These and other materials are disclosed herein, and it is under-
stood that when combinations, subsets, interactions, groups,
etc. of these materials are disclosed that while specific refer-
ence of each various individual and collective combinations
and permutation of these compounds can not be explicitly
disclosed, each is specifically contemplated and described
herein. For example, if a particular compound is disclosed
and discussed and a number of modifications that can be made
to a number of molecules including the compounds are dis-
cussed, specifically contemplated is each and every combi-
nation and permutation of the compound and the modifica-
tions that are possible unless specifically indicated to the
contrary. Thus, if a class of molecules A, B, and C are dis-
closed as well as a class of molecules D, E, and F and an
example of a combination molecule, A-D is disclosed, then
even if each is not individually recited each is individually
and collectively contemplated meaning combinations, A-E,
A-F, B-D, B-E, B-F, C-D, C-E, and C-F are considered dis-
closed. Likewise, any subset or combination of these is also
disclosed. Thus, for example, the sub-group of A-E, B-F, and
C-E would be considered disclosed. This concept applies to
all aspects of this application including, but not limited to,
steps in methods of making and using the compositions of the
invention. Thus, if there are a variety of additional steps that
can be performed it is understood that each of these additional
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steps can be performed with any specific embodiment or
combination of embodiments of the methods of the invention.

It is understood that the compositions disclosed herein
have certain functions. Disclosed herein are certain structural
requirements for performing the disclosed functions, and it is
understood that there are a variety of structures that can
perform the same function that are related to the disclosed
structures, and that these structures will typically achieve the
same result.

II. COMPOUNDS

In one aspect, the invention relates to pyrimidinone com-
pounds and/or oxypyrimidine compounds or pharmaceuti-
cally acceptable salts, hydrates, solvates, or polymorphs
thereof. It is contemplated that each disclosed derivative can
be optionally further substituted. It is also contemplated that
any one or more derivative can be optionally omitted from the
invention. It is understood that a disclosed compound can be
provided by the disclosed preparation methods. It is also
understood that the disclosed compounds can be employed in
the disclosed methods of using.

A. Structure

In one aspect, the invention relates to using compounds of
the formula:

RZ
o] \O

RA X x

R! \N R o RIJ\N R?,
wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?>, —NR"'COR'?, —NR'"'CO,R'?, and
—NR'"CONR'R**; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR'COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'?R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R®> is optionally substituted and selected from

cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR!'R7,
—NR"COR', —NR"CO,R’, —NR"CONR"R",
—NR'SO,R*, —SO,NR'?R™, —CONR*R® and

—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R” together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R**, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

20

40

45

50

26

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof.

In a further aspect, the invention relates to a compound of
the formula:

RZ
[0} \O
RZ X
~ X
N)ji N =
1 3 x
R N R o R! N R3,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?>, —NR"'COR'?, —NR"'CO,R'?, and
—NR!'CONR'R'?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'? —NR"COR'?
—NR''CO,R*?, —NR"'CONR'?R*?, —COR™,
—CONR'R*? and —OR”; wherein R? is optionally substi-
tuted where permitted and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R® is optionally substituted and selected from
cycloalkyl; heterocycloalkyl; aryl or heteroaryl, provided that
R! and R? do not form a ring together with the carbon and
nitrogen to which they are attached; —CONR*R®, and
—CORS; wherein R* and R® are each optionally substituted,
where permitted, and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; wherein at least one of R* or R? is not hydrogen, and
provided that when R* is an aryl or heteroaryl group having 6
or more ring members, then neither R® nor R* is hydrogen; or
wherein —NR*R’ together form an optionally substituted
ring selected from piperidinyl, morpholinyl, and piperazinyl;
wherein R® is optionally substituted and selected from alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl, pyridazi-
nyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imida-
zolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrimidinyl,
tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl, and
oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof.

In a further aspect, the compound has the formula:
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In a further aspect, the compound has the formula:

O
RZ
\N |
A

R! N

B. X Groups
In one aspect, X is selected from hydroxyl, fluoro, chloro,
bromo, —OR’, —NR'R'?, —NR"'COR"?,

—NRMCO,R*?, and —NR''CONRR'*. In a further
aspect, X is hydroxyl, and the compound has the formula:

R2
(0] ~ o
RZ OH
~ OH
N | N 4
1 3 ™
R N R or R! N R3,

In a further aspect, X is halogen selected from fluoro,
chloro, and bromo. In a further aspect, X is —OR”. In a
further aspect, X is selected from —NRMR'?
—NRMCOR'?, —NR''CO,R*?, and —NR!''CONR'?R*3.

C.R! Groups

In one aspect, R' is optionally substituted and selected
from aryl, heteroaryl, aryl-substituted alkyl, heteroaryl-sub-
stituted alkyl, —NR''R'?, —NR''COR'?, —NR''CO,R'?,
—NR"'CONR'?R*, —COR'!, —CONR'?R*? and —OR”.
In a further aspect, R! is substituted with 0-3 groups. In a
further aspect, R! is substituted with 1-2 groups. In various
further aspects, the groups are independently selected from
cyano, acyl, fluoro, chloro, bromo, iodo, methyl, ethyl, pro-
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pyl, butyl, pentyl, hexyl, hydroxyl, acetoxyl, methoxyl,
ethoxyl, propoxyl, and butoxyl.

In a further aspect, R' is —COR*'". In a further aspect, R!
is —NRMR!2 —NR''COR'?, —NR''CO,R*?,
—NR"CONR'R'?, or —NR'"'CONR'*R*. In a further
aspect, R' is —NR''R'% In a further aspect, R' is
NR!COR!2. In a further aspect, R' is NR''CO,R'2.

In a further aspect, R* is —OR”. In a further aspect, R* is
aryl. In a further aspect, R" is heteroaryl. In a further aspect,
R! is aryl-substituted alkyl. In a further aspect, R' is het-
eroaryl-substituted alkyl.

D. R? Groups

In one aspect, R? is optionally substituted, where permit-
ted, and selected from hydrogen, alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl. In a further
aspect, R? is substituted with 0-3 groups. In a further aspect,
R is substituted with 1-2 groups. In various further aspects,
the groups are independently selected from cyano, acyl,
fluoro, chloro, bromo, iodo, methyl, ethyl, propyl, butyl, pen-
tyl, hexyl, hydroxyl, acetoxyl, methoxyl, ethoxyl, propoxyl,
and butoxyl.

In a further aspect, R? is hydrogen. In a further aspect, R? is
alkyl. In a further aspect, R? is heteroalkyl. In a further aspect,
R?is cycloalkyl. In a further aspect, R? is heterocycloalkyl. In
afurther aspect, R?is aryl. In a further aspect, R*is heteroaryl.

In one aspect, R* and R? together form an optionally sub-
stituted ring with the carbon and nitrogen to which they are
attached, selected from pyrrolidinyl, imidazolidinyl, hexahy-
dropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl.

E. R? Groups

In one aspect, R> is optionally substituted and selected

from cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
—NR''R’, —NR'"COR™?, —NR"CO,R’,
—NR'CONR™R!, —NRM"SO,R'?, —SO,NR'?R'?,

—CONR*R?, and —CORS. In a further aspect, wherein R> is
optionally substituted and selected from cycloalkyl; hetero-
cycloalkyl; aryl or heteroaryl, provided that R* and R? do not
form a ring together with the carbon and nitrogen to which
they are attached; —CONR*R®>, and —CORS.

In afurther aspect, R? is optionally substituted and selected
from cycloalkyl, heterocycloalkyl, aryl, and heteroaryl. In a
further aspect, R® is cycloalkyl or heterocycloalkyl, and
wherein R? is substituted with 0-3 groups. In various further
aspects, the groups are independently selected from cyano,
acyl, fluoro, chloro, bromo, iodo, methyl, ethyl, propyl, butyl,
pentyl, hexyl, hydroxyl, acetoxyl, methoxyl, ethoxyl, pro-
poxyl, and butoxyl. In a further aspect, R? is cycloalkyl or
heterocycloalkyl. In a further aspect, R is cycloalkyl or het-
erocycloalkyl, and wherein R? is substituted with 1-2 groups.
In a further aspect, R is cycloalkyl selected from cyclopro-
pyl, cyclobutyl, cyclopentyl, cyclohexyl, and bicyclo[3.1.0]
hexyl.

In a further aspect, R? is heterocycloalkyl selected from
oxirane, oxetane, tetrahydrofuran, tetrahydro-2H-pyran,
oxepane, oxocane, dioxirane, dioxetane, dioxolane, dioxane,
dioxepane, dioxocane, thiirane, thietane, tetrahy-
drothiophene, tetrahydro-2H-thiopyran, thiepane, thiocane,
dithiirane, dithietane, dithiolane, dithiane, dithiepane, dithio-
cane, oxathiirane, oxathietane, oxathiolane, oxathiane,
oxathiepane, oxathiocane, aziridine, azetidine, pyrrolidone,
piperidine, azepane, azocane, diaziridine, diazetidine, imida-
zolidine, piperazine, diazepane, diazocane, hexahydropyri-
midine, triazinane, oxaziridine, oxazetidine, oxazolidine,
morpholine, oxazepane, oxazocane, thiaziridine, thiazeti-
dine, thiazolidine, thiomorpholine, thiazepane, and thiazo-
cane.

In a further aspect, R? is aryl or heteroaryl, and wherein R>
is substituted with 0-3 groups. In a further aspect, R® is aryl or
heteroaryl, and wherein R> is substituted with 1-2 groups. In
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various further aspects, the groups are independently selected
from cyano, acyl, fluoro, chloro, bromo, iodo, methyl, ethyl,
propyl, butyl, pentyl, hexyl, hydroxyl, acetoxyl, methoxyl,
ethoxyl, propoxyl, and butoxyl. In a further aspect, R? is aryl
selected from phenyl and naphthyl. In a further aspect, R is
heteroaryl selected from oxazolyl, isoxazolyl, pyrazolyl,
furanyl, pyranyl, imidazolyl, thiophenyl, pyridinyl, pyridazi-
nyl, pyrimidinyl, pyrazinyl, triazinyl, tetrazinyl, benzofura-
nyl, benzothiophene, indolyl, indazolyl, quinolinyl, naphthy-
ridinyl, benzothiazolyl, benzooxazolyl, benzoimidazolyl,
and benzotriazolyl.

In a further aspect, R? is a five-membered heterocycle
selected from:

R? R?
/
/ RS, | \ R®,
Y-
R® Y
R9
R9
1 1
/Z — /Z\
)R, z!, 72,
Y’ Y2 Y\{
R9
R9
1 2
=7 _= z\
P z, | R,
Y\{ ZI\Y
R® R®
R? R?
ZZ
N N
| Sz | 2 [ Y—w
ZI\Y/ Y/ Z
R9
R9
Zl
| Sz ma | \>—R9;
R® Y R Y

wherein Y is selected from O, S, and N—R?; wherein Z! is
selected from N and C—R?; and wherein 72 is selected from
N and C—R®, wherein each R® is independently selected
from hydrogen methyl ethyl, propyl, and butyl; and wherein
each R® is independently selected from hydrogen, cyano,
acyl, fluoro, chloro, bromo, iodo, methyl, ethyl, propyl, butyl,
pentyl, hexyl, hydroxyl, acetoxyl, methoxyl, ethoxyl, pro-
poxyl, and butoxyl.

In a further aspect, R® is a six-membered heterocycle
selected from:

_(Rlo)m

&_
J
S

10

15

20

25

30

35

40

45

50

55

60

65

30
-continued
B [
T ®1, —— R0,
NN N/
¥ o
— il LIS )8 ()
| N/ ®R1),, N R1),,
A AN
| T ® | T ®%
/N NéN
N.
X
l(RIO)n,

L

wherein n is an integer from 0-2; and wherein each R*° is
independently selected from hydrogen, cyano, acyl, fluoro,
chloro, bromo, iodo, methyl, ethyl, propyl, butyl, pentyl,
hexyl, hydroxyl, acetoxyl, methoxyl, ethoxyl, propoxyl, and
butoxyl.

In a further aspect, R® is selected from —NR!'R’,
—NRMCOR'?, —NR'CO,R’, and —NR''CONR'*R**.Tn
a further aspect, R® is —NR''SO,R'?. In a further aspect, R>
is —SO,NR'?R*3. In a further aspect, R* is CONR*R>. In a
further aspect, R® is COR®.

F. R* Groups

In one aspect, R* is selected from hydrogen, alkyl, and
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl, and wherein R* is substituted with 0-3 groups, where
permitted. In various further aspects, the groups are indepen-
dently selected from cyano, acyl, fluoro, chloro, bromo, iodo,
methyl, ethyl, propyl, butyl, pentyl, hexyl, hydroxyl,
acetoxyl, methoxyl, ethoxyl, propoxyl, and butoxyl. In a fur-
ther aspect, R* is selected from hydrogen, alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, and
wherein R* is substituted with 1-2 groups, where permitted.
In a further aspect, R* is not hydrogen.

G. R® Groups

In one aspect, R® is selected from hydrogen, alkyl, het-
eroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
and wherein R? is substituted with 0-3 groups, where permit-
ted. In various further aspects, the groups are independently
selected from cyano, acyl, fluoro, chloro, bromo, iodo,
methyl, ethyl, propyl, butyl, pentyl, hexyl, hydroxyl,
acetoxyl, methoxyl, ethoxyl, propoxyl, and butoxyl. In a fur-
ther aspect, R” is selected from hydrogen, alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, and
wherein R® is substituted with 1-2 groups, where permitted.
In a further aspect, R is not hydrogen.

In one aspect, R* and R are each optionally substituted,
where permitted, and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl.

H. R Groups

In one aspect, R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
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pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl. In a further aspect, RS is substituted with 0-3
groups. In a further aspect, R® is substituted with 1-2 groups.
In various further aspects, the groups are independently
selected from cyano, acyl, fluoro, chloro, bromo, iodo,
methyl, ethyl, propyl, butyl, pentyl, hexyl, hydroxyl,
acetoxyl, methoxyl, ethoxyl, propoxyl, and butoxyl.

In a further aspect, RS is phenyl. In a further aspect, phenyl
is substituted with 1-2 groups.

In a further aspect, R° is alkyl selected from methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, unde-
cyl, and dodecyl.

In a further aspect, R is heteroalkyl selected from selected
from residues of methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, and dodecyl;

wherein at least one carbon atom of the residue is replaced
with a heteroatom selected from O, S, or NR'!; and wherein
R is selected from hydrogen, methyl, ethyl, and propyl.

In a further aspect, R® is cycloalkyl selected from cyclo-
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, bicyclo[3.1.0]hexyl, bicyclo[4.1.0]
heptyl, bicyclo[5.1.0]octyl, bicyclo[6.1.0]nonyl, bicyclo
[3.2.0]heptyl, bicyclo[4.2.0]octyl, bicyclo[5.2.0]nonyl, bicy-
clo[3.3.0]octyl, bicyclo[4.3.0]nonyl, bicyclo[2.2.1]heptyl,
bicyclo[3.2.1]octyl, bicyclo[4.2.1]nonyl, bicyclo[2.2.2]oc-
tyl, bicyclo[3.2.2]nonyl, and bicyclo[3.3.1]nonyl.

In a further aspect, R° is heterocycloalkyl selected from
analogs of cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl, bicyclo[3.1.0]hexyl,
bicyclo[4.1.0]heptyl, bicyclo[5.1.0]octyl, bicyclo[6.1.0]
nonyl, bicyclo[3.2.0]heptyl, bicyclo[4.2.0]octyl, bicyclo
[5.2.0]nonyl, bicyclo[3.3.0]octyl, bicyclo[4.3.0]nonyl, bicy-
clo[2.2.1]heptyl, bicyclo[3.2.1]octyl, bicyclo[4.2.1]nonyl,
bicyclo[2.2.2]octyl, bicyclo[3.2.2]nonyl, and bicyclo[3.3.1]
nonyl, wherein one or more heteroatoms selected from O, S,
and N—R replace 1, 2, or 3 carbon atoms in the cycle.

In a further aspect, R° is selected from pyridazinyl, pyrim-
idyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imidazolyl, (1,2,
3,)- and (1,2.4)-triazolyl, pyrazinyl, pyrimidinyl, tetrazolyl,
thienyl, isoxazolyl, thiazolyl, isoxazolyl, and oxazolyl.

I. R” Groups

In one aspect, R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl. For
example, R” can be selected from one or more of alkyl, het-
eroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl.

J. R® Groups

In one aspect, each R® is independently selected from
hydrogen methyl ethyl, propyl, and butyl. For example, each
R® can be selected from one or more of hydrogen methyl
ethyl, propyl, and butyl. In a further aspect, R® is not hydro-
gen.

K. R® Groups

In one aspect, each R® is independently selected from
hydrogen, cyano, acyl, fluoro, chloro, bromo, iodo, methyl,
ethyl, propyl, butyl, pentyl, hexyl, hydroxyl, acetoxyl, meth-
oxyl, ethoxyl, propoxyl, and butoxyl. For example, each R’
can be selected from one or more of hydrogen, cyano, acyl,
fluoro, chloro, bromo, iodo, methyl, ethyl, propyl, butyl, pen-
tyl, hexyl, hydroxyl, acetoxyl, methoxyl, ethoxyl, propoxyl,
and butoxyl. In a further aspect, R® is not hydrogen.

L. R'° Groups

In one aspect, each R'° is independently selected from
hydrogen, cyano, acyl, fluoro, chloro, bromo, iodo, methyl,
ethyl, propyl, butyl, pentyl, hexyl, hydroxyl, acetoxyl, meth-
oxyl, ethoxyl, propoxyl, and butoxyl. For example, each R*°
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can be selected from one or more of hydrogen, cyano, acyl,
fluoro, chloro, bromo, iodo, methyl, ethyl, propyl, butyl, pen-
tyl, hexyl, hydroxyl, acetoxyl, methoxyl, ethoxyl, propoxyl,
and butoxyl. In a further aspect, R is not hydrogen.

M. R*! Groups

In certain aspects, R'!, when present, is selected from
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl.

N. R'? Groups

In certain aspects, R'?, when present, is selected from
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl.

0. R* Groups

In certain aspects, R*?, when present, is selected from
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-

eroaryl.
1II. PHARMACEUTICAL COMPOSITIONS

In one aspect, the invention relates to pharmaceutical com-
positions comprising the disclosed compounds. That is, a
pharmaceutical composition can be provided comprising a
therapeutically effective amount of at least one disclosed
compound or at least one product of a disclosed method and
a pharmaceutically acceptable carrier.

For example, in one aspect, the invention relates to a phar-
maceutical composition comprising a pharmaceutically
acceptable carrier and an effective amount of a compound of
the formula:

RZ
0 \O
RZ X
X
\N)HA/ N =
R! N R R! N RS,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?, —NR"'COR'?, —NR'"'CO,R'?, and
—NR!'CONR'R'?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'? —NR"COR'?
—NR''CO,R*?, —NR"'CONR'?R*?, —COR™,
—CONR'R*? and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;

wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR'SO,R*?, —SO,NR'*R*®>, —CONR*R®  and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
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cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R'!, R*?, and R*?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof.

In a further aspect, the effective amount is a therapeutically
effective amount. In a further aspect, the effective amount is
a prophylactically effective amount. In a further aspect, the
composition further comprises one or more of: (a) an antiviral
agent; (b) a M2 inhibition agent; (¢) a neuraminidase inhibi-
tion agent; and/or (d) an agent known to treat flu symptoms,
the agent selected from one or more of analgesic, deconges-
tant, antihistamine, cough suppressant, and local anesthetic.
In a further aspect, the composition further comprises one or
more of Oseltamavir, Zanamivir, Amantadine, Rimantadine,
Arbidol, Laninamivir, Peramivir, Vitamin D, and an inter-
feron.

In a further aspect, the compound has the formula:

0 Mo

RA X x

R! \N R, RI/I\N RS,
wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?>, —NR"'COR'?, —NR'"'CO,R'?, and
—NR!'CONR'R"*?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR'COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'R"?, and —OR”; wherein R? is optionally substi-
tuted where permitted and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R® is optionally substituted and selected from
cycloalkyl; heterocycloalkyl; aryl or heteroaryl, provided that
R! and R? do not form a ring together with the carbon and
nitrogen to which they are attached; —CONR*R®, and
—CORS?; wherein R* and R are each optionally substituted,
where permitted, and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; wherein at least one of R* or R? is not hydrogen, and
provided that when R* is an aryl or heteroaryl group having 6
or more ring members, then neither R> nor R*is hydrogen; or
wherein —NR*R? together form an optionally substituted
ring selected from piperidinyl, morpholinyl, and piperazinyl;
wherein R® is optionally substituted and selected from alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl, pyridazi-
nyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imida-
zolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrimidinyl,
tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl, and
oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R'!, R*?, and R*?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;
or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof.
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In certain aspects, the disclosed pharmaceutical composi-
tions comprise the disclosed compounds (including pharma-
ceutically acceptable salt(s) thereof) as an active ingredient, a
pharmaceutically acceptable carrier, and, optionally, other
therapeutic ingredients or adjuvants. The instant composi-
tions include those suitable for oral, rectal, topical, and
parenteral (including subcutaneous, intramuscular, and intra-
venous) administration, although the most suitable route in
any given case will depend on the particular host, and nature
and severity of the conditions for which the active ingredient
is being administered. The pharmaceutical compositions can
be conveniently presented in unit dosage form and prepared
by any of the methods well known in the art of pharmacy.

As used herein, the term “pharmaceutically acceptable
salts” refers to salts prepared from pharmaceutically accept-
able non-toxic bases or acids. When the compound of the
present invention is acidic, its corresponding salt can be con-
veniently prepared from pharmaceutically acceptable non-
toxic bases, including inorganic bases and organic bases.
Salts derived from such inorganic bases include aluminum,
ammonium, calcium, copper (-ic and -ous), ferric, ferrous,
lithium, magnesium, manganese (-ic and -ous), potassium,
sodium, zinc and the like salts. Particularly preferred are the
ammonium, calcium, magnesium, potassium and sodium
salts. Salts derived from pharmaceutically acceptable organic
non-toxic bases include salts of primary, secondary, and ter-
tiary amines, as well as cyclic amines and substituted amines
such as naturally occurring and synthesized substituted
amines. Other pharmaceutically acceptable organic non-
toxic bases from which salts can be formed include ion
exchange resins such as, for example, arginine, betaine, caf-
feine, choline, N,N'-dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol, ethanola-
mine, ethylenediamine, N-ethylmorpholine, N-ethylpiperi-
dine, glucamine, glucosamine, histidine, hydrabamine, iso-
propylamine, lysine, methylglucamine, morpholine,
piperazine, piperidine, polyamine resins, procaine, purines,
theobromine, triethylamine, trimethylamine, tripropylamine,
tromethamine and the like.

As used herein, the term “pharmaceutically acceptable
non-toxic acids”, includes inorganic acids, organic acids, and
salts prepared therefrom, for example, acetic, benzene-
sulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic,
fumaric, gluconic, glutamic, hydrobromic, hydrochloric,
isethionic, lactic, maleic, malic, mandelic, methanesulfonic,
mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sul-
furic, tartaric, p-toluenesulfonic acid and the like. Preferred
are citric, hydrobromic, hydrochloric, maleic, phosphoric,
sulfuric, and tartaric acids.

Inpractice, the compounds of the invention, or pharmaceu-
tically acceptable salts thereof, of this invention can be com-
bined as the active ingredient in intimate admixture with a
pharmaceutical carrier according to conventional pharma-
ceutical compounding techniques. The carrier can take a wide
variety of forms depending on the form of preparation desired
for administration, e.g., oral or parenteral (including intrave-
nous). Thus, the pharmaceutical compositions of the present
invention can be presented as discrete units suitable for oral
administration such as capsules, cachets or tablets each con-
taining a predetermined amount of the active ingredient. Fur-
ther, the compositions can be presented as a powder, as gran-
ules, as a solution, as a suspension in an aqueous liquid, as a
non-aqueous liquid, as an oil-in-water emulsion or as a water-
in-o0il liquid emulsion. In addition to the common dosage
forms set out above, the compounds of the invention, and/or
pharmaceutically acceptable salt(s) thereof, can also be
administered by controlled release means and/or delivery
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devices. The compositions can be prepared by any of the
methods of pharmacy. In general, such methods include a step
of bringing into association the active ingredient with the
carrier that constitutes one or more necessary ingredients. In
general, the compositions are prepared by uniformly and
intimately admixing the active ingredient with liquid carriers
or finely divided solid carriers or both. The product can then
be conveniently shaped into the desired presentation.

Thus, the pharmaceutical compositions of this invention
can include a pharmaceutically acceptable carrier and a com-
pound or a pharmaceutically acceptable salt of the com-
pounds of the invention. The compounds of the invention, or
pharmaceutically acceptable salts thereof, can also be
included in pharmaceutical compositions in combination
with one or more other therapeutically active compounds.

The pharmaceutical carrier employed can be, for example,
a solid, liquid, or gas. Examples of solid carriers include
lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia,
magnesium stearate, and stearic acid. Examples of liquid
carriers are sugar syrup, peanut oil, olive oil, and water.
Examples of gaseous carriers include carbon dioxide and
nitrogen.

In preparing the compositions for oral dosage form, any
convenient pharmaceutical media can be employed. For
example, water, glycols, oils, alcohols, flavoring agents, pre-
servatives, coloring agents and the like can be used to form
oral liquid preparations such as suspensions, elixirs and solu-
tions; while carriers such as starches, sugars, microcrystalline
cellulose, diluents, granulating agents, lubricants, binders,
disintegrating agents, and the like can be used to form oral
solid preparations such as powders, capsules and tablets.
Because of their ease of administration, tablets and capsules
are the preferred oral dosage units whereby solid pharmaceu-
tical carriers are employed. Optionally, tablets can be coated
by standard aqueous or nonaqueous techniques

A tablet containing the composition of this invention can
be prepared by compression or molding, optionally with one
or more accessory ingredients or adjuvants. Compressed tab-
lets can be prepared by compressing, in a suitable machine,
the active ingredient in a free-flowing form such as powder or
granules, optionally mixed with a binder, lubricant, inert dilu-
ent, surface active or dispersing agent. Molded tablets can be
made by molding in a suitable machine, a mixture of the
powdered compound moistened with an inert liquid diluent.

The pharmaceutical compositions of the present invention
comprise a compound of the invention (or pharmaceutically
acceptable salts thereof) as an active ingredient, a pharma-
ceutically acceptable carrier, and optionally one or more
additional therapeutic agents or adjuvants. The instant com-
positions include compositions suitable for oral, rectal, topi-
cal, and parenteral (including subcutaneous, intramuscular,
and intravenous) administration, although the most suitable
route in any given case will depend on the particular host, and
nature and severity of the conditions for which the active
ingredient is being administered. The pharmaceutical com-
positions can be conveniently presented in unit dosage form
and prepared by any of the methods well known in the art of
pharmacy.

Pharmaceutical compositions of the present invention suit-
able for parenteral administration can be prepared as solu-
tions or suspensions of the active compounds in water. A
suitable surfactant can be included such as, for example,
hydroxypropylcellulose. Dispersions can also be prepared in
glycerol, liquid polyethylene glycols, and mixtures thereof in
oils. Further, a preservative can be included to prevent the
detrimental growth of microorganisms.
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Pharmaceutical compositions of the present invention suit-
able for injectable use include sterile aqueous solutions or
dispersions. Furthermore, the compositions can be in the
form of sterile powders for the extemporaneous preparation
of'such sterile injectable solutions or dispersions. In all cases,
the final injectable form must be sterile and must be effec-
tively fluid for easy syringability. The pharmaceutical com-
positions must be stable under the conditions of manufacture
and storage; thus, preferably should be preserved against the
contaminating action of microorganisms such as bacteria and
fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (e.g., glyc-
erol, propylene glycol and liquid polyethylene glycol), veg-
etable oils, and suitable mixtures thereof.

Pharmaceutical compositions of the present invention can
be in a form suitable for topical use such as, for example, an
aerosol, cream, ointment, lotion, dusting powder, mouth
washes, gargles, and the like. Further, the compositions can
be in a form suitable for use in transdermal devices. These
formulations can be prepared, utilizing a compound of the
invention, or pharmaceutically acceptable salts thereof, via
conventional processing methods. As an example, a cream or
ointment is prepared by mixing hydrophilic material and
water, together with about 5 wt % to about 10 wt % of the
compound, to produce a cream or ointment having a desired
consistency.

Pharmaceutical compositions of this invention can be in a
form suitable for rectal administration wherein the carrieris a
solid. It is preferable that the mixture forms unit dose sup-
positories. Suitable carriers include cocoa butter and other
materials commonly used in the art. The suppositories can be
conveniently formed by first admixing the composition with
the softened or melted carrier(s) followed by chilling and
shaping in moulds.

In addition to the aforementioned carrier ingredients, the
pharmaceutical formulations described above can include, as
appropriate, one or more additional carrier ingredients such
as diluents, buffers, flavoring agents, binders, surface-active
agents, thickeners, lubricants, preservatives (including anti-
oxidants) and the like. Furthermore, other adjuvants can be
included to render the formulation isotonic with the blood of
the intended recipient. Compositions containing a compound
of the invention, and/or pharmaceutically acceptable salts
thereof, can also be prepared in powder or liquid concentrate
form.

In the treatment conditions which require negative allos-
teric modulation of metabotropic glutamate receptor activity
an appropriate dosage level will generally be about 0.01 to
500 mg per kg patient body weight per day and can be admin-
istered in single or multiple doses. Preferably, the dosage
level will be about 0.1 to about 250 mg/kg per day; more
preferably 0.5 to 100 mg/kg per day. A suitable dosage level
can be about 0.01 to 250 mg/kg per day, about 0.05 to 100
mg/kg per day, or about 0.1 to 50 mg/kg per day. Within this
range the dosage can be 0.05 to 0.5, 0.5 to 5.0 or 5.0 to 50
mg/kg per day. For oral administration, the compositions are
preferably provided in the from of tablets containing 1.0 to
1000 miligrams of the active ingredient, particularly 1.0, 5.0,
10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 300, 400, 500, 600,
750, 800, 900 and 1000 milligrams of'the active ingredient for
the symptomatic adjustment of the dosage of the patient to be
treated. The compound can be administered on a regimen of
1 to 4 times per day, preferably once or twice per day. This
dosing regimen can be adjusted to provide the optimal thera-
peutic response.

It is understood, however, that the specific dose level for
any particular patient will depend upon a variety of factors.
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Such factors include the age, body weight, general health,
sex, and diet of the patient. Other factors include the time and
route of administration, rate of excretion, drug combination,
and the type and severity of the particular disease undergoing
therapy.

The present invention is further directed to a method for the
manufacture of a medicament for modulating glutamate
receptor activity (e.g., treatment of one or more neurological
and/or psychiatric disorder associated with glutamate dys-
function) in mammals (e.g., humans) comprising combining
one or more disclosed compounds, products, or compositions
with a pharmaceutically acceptable carrier or diluent. Thus,
in one aspect, the invention relates to a method for manufac-
turing a medicament comprising combining at least one dis-
closed compound or at least one disclosed product with a
pharmaceutically acceptable carrier or diluent.

The disclosed pharmaceutical compositions can further
comprise other therapeutically active compounds, which are
usually applied in the treatment of the above mentioned
pathological conditions. It is understood that the disclosed
compositions can be prepared from the disclosed compounds.
It is also understood that the disclosed compositions can be
employed in the disclosed methods of using.

IV. METHODS OF USING THE COMPOUNDS
AND COMPOSITIONS

The compounds disclosed herein are useful for treating,
preventing, ameliorating, controlling or reducing the risk of
influenza.

The disclosed compounds can be used as single agents or in
combination with one or more other drugs in the treatment,
prevention, control, amelioration or reduction of risk of the
aforementioned diseases, disorders and conditions for which
the disclosed compounds or the other drugs have utility,
where the combination of drugs together are safer or more
effective than either drug alone. The other drug(s) can be
administered by a route and in an amount commonly used
therefore, contemporaneously or sequentially with a dis-
closed compound. When a disclosed compound is used con-
temporaneously with one or more other drugs, a pharmaceu-
tical composition in unit dosage form containing such drugs
and the disclosed compound is preferred. However, the com-
bination therapy can also be administered on overlapping
schedules. It is also envisioned that the combination of one or
more active ingredients and a disclosed compound will be
more efficacious than either as a single agent.

The pharmaceutical compositions and methods of the
present invention can further comprise other therapeutically
active compounds as noted herein which are usually applied
in the treatment of the above mentioned pathological condi-
tions.

A. Preventing or Treating Influenza

In one aspect, the invention relates to a method for prevent-
ing or treating influenza in a subject, the method comprising:
administering to the subject an effective amount of a com-
pound of the formula:

RZ
0] \O
RZ X
~ X
N | N =
R! N R? or R! N R3,
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wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR7, —NR''R*2, —NR'COR'?, —NR''CO,R"?, and
—NR'CONR'R"?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'? —NR"COR'?
—NR''CO,R*?, —NR!"'CONR'?R*?, —COR™,
—CONR' R*? and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR'SO,R*?, —SO,NR'*R*®>, —CONR*R®  and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;
or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby preventing or treating the influ-
enza.

In a further aspect, the subject is a mammal. In a further
aspect, the mammal is a human. In a further aspect, the human
is a patient. In a further aspect, the effective amount is a
therapeutically effective amount. In a further aspect, the
effective amount is a prophylactically effective amount. In a
further aspect, the method further comprises the step of iden-
tifying the subject in need of treatment of influenza. In a
further aspect, the subject has been diagnosed with a need for
treatment of influenza prior to the administering step.

In a further aspect, the compound is an endonuclease inhi-
bitior. In a further aspect, the compound is a RNA dependent
RNA polymerase inhibitor.

In a further aspect, the influenza is Influenza A. In a further
aspect, the influenza is Influenza B. In a further aspect, the
influenza is HIN1, H2N2, H3N2, H5N1, or any combination
of HIN1, H2N2, H3N2, and H5N1. In a further aspect, the
influenza is drug resistant.

B. Inhibiting Development of Influenza Virus

In one aspect, the invention relates to a method for inhib-
iting development of influenza virus in a mammal, the method
comprising: administering to the mammal an effective
amount of at least one compound of the formula:

RZ
[0} \O
R2 X
~ X
N)‘j: N a
1 3 x
R N R o R! N R3,
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wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR7, —NR!''R'2, —NR'COR'?, —NR''CO,R"? and
—NR'"CONR'R**; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR'COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'?R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R®> is optionally substituted and selected from

cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR!'R7,
—NRMCOR'?, —NR!'CO,R7, —NR'CONR™R',
—NR'"80,R"™, —SO,NR'R', —CONR*R®, and

—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R” together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R'!, R*?, and R*?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;
or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby inhibiting development of influ-
enza virus in the mammal

In a further aspect, inhibiting development of influenza
virus in the mammal prevents influenza in the mammal. In a
further aspect, inhibiting development of influenza virus in
the mammal treats influenza in the mammal. In a further
aspect, the method further comprises the step of identifying
the mammal in need of inhibiting development of influenza
virus. In a further aspect, the mammal has been diagnosed
with a need for inhibiting development of influenza virus
prior to the administering step.

C. Decreasing Influenza Virus Activity

In one aspect, the invention relates to a method for decreas-
ing influenza virus activity in at least one cell, the method
comprising contacting the cell with an effective amount of
least one compound of the formula:

RZ
[0} \O
RZ X
~ X
R! N R i Ny R,
wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR7, —NR!''R'2, —NR'COR'?, —NR''CO,R"? and
—NR'"CONR'R**; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR"COR'?
—NR''CO,R*?, —NR'"CONR"R"*?, —CORY,

—CONR'?R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
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heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR'SO,R*?, —SO,NR'*R*®>, —CONR*R®  and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby decreasing influenza virus activ-
ity in the cell.

In a further aspect, the cell is mammalian. In a further
aspect, the cell is human. In a further aspect, contacting is via
administration to a mammal. In a further aspect, the method
further comprises the step of identifying a mammal in need of
decreasing influenza virus activity in the cell. In a further
aspect, a mammal has been diagnosed with a need for
decreasing influenza virus activity prior to the administering
step. In a further aspect, the need for decreasing influenza
virus activity in the cell is associated with influenza in the
mammal

D. Decreasing Endonuclease Activity

In one aspect, the invention relates to a method for decreas-
ing endonuclease activity in at least one cell, the method
comprising contacting the cell with an effective amount of
least one compound of the formula:

RZ
0] \O
N X X
S BN
R! N R Ny %,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR7, —NR''R*2, —NR'COR"?, —NR''CO,R'?, and
—NR'CONR'R"?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'? —NR"COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'?R*?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;

wherein R® is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R”7,
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~NR'COR'>, —NR!CO,R’, — NR''CONR'?R'3,
—NR!SO,R!2, —SO,NR'2R!>, —CONR*R®, and

—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R**, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby decreasing endonuclease activity
in the cell.

In a further aspect, the cell is mammalian. In a further
aspect, the cell is human. In a further aspect, contacting is via
administration to a mammal. In a further aspect, the method
further comprises the step of identifying a mammal in need of
decreasing endonuclease activity in the cell. In a further
aspect, a mammal has been diagnosed with a need for
decreasing endonuclease activity prior to the administering
step. In a further aspect, the need for decreasing endonuclease
activity in the cell is associated with influenza in the mammal.

E. Decreasing Polymerase Activity

In one aspect, the invention relates to a method for decreas-
ing polymerase activity in at least one cell, the method com-
prising contacting the cell with an effective amount of least

one compound of the formula:
RZ
o] \O
RA X x
S PN
R! N R} NI R?,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?>, —NR"'COR'?, —NR'"'CO,R'?, and
—NR!'CONR'R"*?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR'COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R® is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR"R",
—NR'SO,R*?, —SO,NR'?R™®, —CONR*R® and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
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from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R', R*?, and R*?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, thereby decreasing polymerase activity
in the cell.

In a further aspect, the cell is mammalian. In a further
aspect, the cell is human. In a further aspect, contacting is via
administration to a mammal. In a further aspect, the method
further comprises the step of identifying a mammal in need of
decreasing polymerase activity in the cell. In a further aspect,
a mammal has been diagnosed with a need for decreasing
polymerase activity prior to the administering step. In a fur-
ther aspect, the need for decreasing polymerase activity in the
cell is associated with influenza in the mammal

F. Co-Adminstration Methods

In one aspect, the invention relates to a therapeutic method
comprising co-administration of one or more treatments
selected from Oseltamavir, Zanamivir, Amantadine, Riman-
tadine, Arbidol, Laninamivir, Peramivir, Vitamin D, and an
interferon, with one or more compounds of the formula:

R2
0] \O
RZ X
X
\Nﬁ N
R! N R? or R! N RS,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?, —NR"'COR'?, —NR'"'CO,R'?, and
—NR!'CONR'R'?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR™R*'?, —NR'COR'?
—NR'"'CO,R"?, —NR"CONR"™R"?, —COR™,
—CONR'R*? and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R! and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;

wherein R> is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR'"?R"?,
—NR'SO,R*?, —SO,NR'*R*®>, —CONR*R®  and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R® is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*, R'?, and R'?, when present, is indepen-
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dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof.

In a further aspect, the one or more treatments are admin-
istered before the one or more compounds. In a further aspect,
the one or more compounds are administered before the one
or more treatments. In a further aspect, the one or more
treatments and the one or more compounds are administered
substantially simultaneously. In a further aspect, the one or
more treatments and the one or more compounds are each
administered intermittently. In a further aspect, the one or
more treatments and the one or more compounds are admin-
istered in a single pharmaceutical composition. In a further
aspect, the one or more treatments are administered within a
twenty-four hour period of administration of the one or more
compounds.

In a further aspect, the one or more treatments is present in
atherapeutically effective amount. In a further aspect, the one
or more treatments is present in a prophylactically effective
amount. In a further aspect, the one or more compounds is
present in a therapeutically effective amount. In a further
aspect, the one or more compounds is present in a prophylac-
tically effective amount. In a further aspect, the one or more
treatments and the one or more compounds are together
present in a therapeutically effective amount. In a further
aspect, the one or more treatments and the one or more com-
pounds are together present in a prophylactically effective
amount. In a further aspect, the one or more treatments and
the one or more compounds are together present in a syner-
gystically effective amount.

V.KITS

In one aspect, the invention relates to a kit comprising at
least one compound of the formula:

RZ
o] \O
N X X
S PN
R! N R Ny R,

wherein X is selected from hydroxyl, fluoro, chloro, bromo,
—OR’7, —NR'"'R'?>, —NR"'COR'?, —NR'"'CO,R'?, and
—NR!'CONR'R"*?; wherein R' is optionally substituted
and selected from aryl, heteroaryl, aryl-substituted alkyl, het-
eroaryl-substituted alkyl, —NR'R'?, —NR"COR'?
—NR''CO,R*?, —NR"'CONR'?R*?, —COR™,
—CONR'R"?, and —OR”; wherein R? is optionally substi-
tuted, where permitted, and selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein R' and R? together form an optionally
substituted ring with the carbon and nitrogen to which they
are attached, selected from pyrrolidinyl, imidazolidinyl,
hexahydropyrimidinyl, 1,3,5-triazinanyl, and piperidinyl;

wherein R® is optionally substituted and selected from
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —NR''R’,
—NR"COR', —NR"CO,R’, —NR"CONR"R",
—NR'SO,R*?, —SO,NR'?R™®, —CONR*R® and
—CORS?; wherein R* and R® are each optionally substituted
where permitted and independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; or wherein —NR*R® together form an optionally
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substituted ring selected from piperidinyl, morpholinyl, and
piperazinyl; wherein R is optionally substituted and selected
from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrim-
idinyl, tetrazolyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
and oxazolyl; wherein R” is selected from alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and
wherein each of R*, R'?, and R'?, when present, is indepen-
dently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, and one or more of: (a) an antiviral agent;
(b) a M2 inhibition agent; (c) a neuraminidase inhibition
agent; (d) an agent known to treat flu symptoms; and/or (e)
instructions for treating influenza.

In a further aspect, the antiviral agent is Arbidol. In a
further aspect, the M2 inhibition agent is selected from
Amantadine and Rimantadine. In a further aspect, the
neuraminidase inhibition agent is selected from Zanamivir,
Oseltamavir, Peramivir, and Laninamivir.

In a further aspect, the kit further comprises Vitamin D. In
a further aspect, the kit further comprises an interferon. In a
further aspect, the agent known to treat flu symptoms is
selected from one or more of analgesic, decongestant, anti-
histamine, cough suppressant, and local anesthetic. In a fur-
ther aspect, the compound and the at least one agent are
co-formulated. In a further aspect, the compound and the at
least one agent are co-packaged.

VI. EXPERIMENTAL

The following examples are put forth so as to provide those
of ordinary skill in the art with a complete disclosure and
description of how the compounds, compositions, articles,
devices and/or methods claimed herein are made and evalu-
ated, and are intended to be purely exemplary of the invention
and are not intended to limit the scope of what the inventors
regard as their invention. Efforts have been made to ensure
accuracy with respect to numbers (e.g., amounts, tempera-
ture, etc.), but some errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts by
weight, temperature is in © C. or is at ambient temperature,
and pressure is at or near atmospheric.

A. General Methods

All chemicals (reagents and solvents) used as purchased
from commercial suppliers. Parallel synthesis is accom-
plished with MiniBlock XT synthesizers obtained from Met-
tler Toledo AutoChem, accompanied by a stirring hotplate.
Intermediate preparation is carried out with dried glassware,
or in parallel using a 6-position MiniBlock XT synthesizer. A
Thomson 2 ml. 96 well filter plate (25 microns) used in plate
filtrations is packed with approximately 50 mg of Celite 545
filter aid in each well. All automated weighing is done on a
Bohdan Balance Automator (Mettler Toledo AutoChem), and
parallel evaporations are performed on a GeneVac HT-24
system.

'HNMR spectra are recorded on a Bruker-400 (400 MHz)
spectrometer. Chemical shifts are reported as parts per mil-
lion (ppm) and are referenced by the corresponding solvent
peak. Data is reported as: chemical shift, multiplicity, cou-
pling constants, and integration. Pre-purification and QC
analysis is done on a Waters Acquity UPLC/PDA/ELSD/MS
system carried out witha BEH C18 2.1x50 mm column using
gradient elution. Water/acetonitrile/0.1% formic acid or 10
mM ammonium bicarbonate/acetonitrile is used for mobile
phase depending on compound resolution and polarity.



US 9,328,075 B2

45

Methanol with 4% Tetrahydrofuran is substituted for the
acetonitrile when demanded by availability. Library purifica-
tion is done either on a Berger Supercritical Fluid Chroma-
tography (SFC) prep system utilizing a cyano 21x150 mm
column and a gradient elution of 5-25% methanol at a rate of
2%/min at 50 mL/min; or a Dionex mass directed HPLC
Purification System using a Phenomenex Gemini Aixia
packed C18 30x50 mm, 5 um column. Gradient methods and
mobile phases are adjusted based on the pre-purification
results.

Several methods for preparing the compounds of this
invention are illustrated in the following Examples. Starting
materials and the requisite intermediates are in some cases
commercially available, or can be prepared according to lit-
erature procedures or as illustrated herein.

The following exemplary compounds of the invention were
synthesized. The Examples are provided herein to illustrate
the invention, and should not be construed as limiting the
invention in any way. The Examples are typically depicted in
free base form, according to the [UPAC naming convention.
However, some of the Examples were obtained or isolated in
salt form.

As indicated, some of the Examples were obtained as race-
mic mixtures of one or more enantiomers or diastereomers.
The compounds may be separated by one skilled in the art to
isolate individual enantiomers. Separation can be carried out
by the coupling of a racemic mixture of compounds to an
enantiomerically pure compound to form a diastereomeric
mixture, followed by separation of the individual diastere-
omers by standard methods, such as fractional crystallization
or chromatography. A racemic or diastereomeric mixture of
the compounds can also be separated directly by chromato-
graphic methods using chiral stationary phases.

B. Synthetic Methods

1. Intermediate Preparation of
4,5-dihydroxypyrimidines

Dimethyl acetylenedicarboxylate (DMAD, 1 mL, 1 equiv.)
is added to a stirred solution of 2-substituted amidoxime (8.16
mmol) in chloroform (0.335M) and maintained at 60° C. for
75 minutes to 4 hours as determined by TL.C or UPLC. Upon
cooling and evaporation of the solvent, the crude mixture is
charged with xylenes (0.335M) and heated to 140° C. for 8
hours more before cooling slowly to rt. The resulting heavy
precipitate is collected, washed with ethyl ether, then dried
under vacuum to afford desired 4,5-dihydroxypyrimidine
methyl esters in yields ranging from 15-50%. Spectral com-
parison to referenced compounds confirmed desired starting
intermediates. 63 4,5-dihydroxypyrimidines analogs has
been prepared to date using this methodology, including these
two examples.

2. Methyl 5,6-dihydroxy-2-(pyridin-2-yl)pyrimidine-
4-carboxylate

OH

CO,CH;
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Avg. Purity (TWC & ELSD): 100%. 'H NMR (400 Mz,
DMSO0-d6) 8 12.84-12.41 (brs, 1H), 10.97-10.62 (br s, 1H),
8.70 (dd, J=4.0, 0.8 Hz, 1H), 8.21 (d, J=7.9 Hz, 1H), 8.01 (dt,
J=7.8,1.7 Hz, 1H),7.58 (ddd, J=7.5, 4.8, 1.1 Hz, 1H),3.87 (s,
3H). 3C NMR (101 MHz, DMSO-d6) & 165.65, 158.44,
148.83, 148.44, 147.12, 143.94, 137.80, 125.74, 121.51,
52.29.

3. Methyl 5-hydroxy-2-(1-methyl-1H-imidazol-4-
y1)-6-0x0-1,6-dihydropyrimidine-4-carboxylate

OH

0
“JI
N \N CO,Me
¢ ]
N
/

11 NMR (400 MHz, DMSO) & 7.84 (s, 1H), 7.77 (s, 1H),
3.84 (s, 2H), 3.72 (s, 3H).

4. Intermediate Preparation of
2,5,6-trisubstutued-4-hydroxypyrimidines

(¢] (¢]
OMe
MeO - R
(0] R;
31 32
(¢] R3;
H,N NH
Y
MeO
R,
(0] (0]
34

33
0
Rz
HN |
)\
Ry N R,
35

To 1.1 equivalents of sodium hydride (30.5 mmol, 1.1
equivalents, 60% in oil) in 55 mL of 10:1 ethyl ether (or
tetrahydrofuran):ethanol is added to methyl formate (30.5
mmol, 1.1 equivalents). The mixture is stirred vigorously and
cooled by ice bath before 32 (27.4 mmol, 1 equivalent, added
as a 2M stock solution in ethyl ether) is added dropwise. Once
addition is complete, the solution is refluxed for 4 hours. Once
complete, appropriate amidine 34 is added, followed by etha-
nol (55 mL) and the remaining ethyl ether is evaporated off in
vacuo. An additional 25 mL of ethanol is added, followed by
3 equivalents of DBU (1,8-diazobicyclo[5,4,0]-undec-7-ene)
and the mixture is heated to 60° C. and maintained for 12
hours. The resulting mixture is diluted with ethyl acetate and
water, extracted twice with ethyl acetate, with the organic
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layers combined, then washed with brine, dried, and concen-
trated again in vacuo. Product is purified by crystallization, or
by flash chromatography. Typical yields ranged from 20-70%
overall.

5. Ethyl 5-fluoro-6-ox0-2-(pyridin-2-y1)-1,6-dihy-
dropyrimidine-4-carboxylate

"HNMR (400 MHz, CDCl,) 8 11.40 (s, 1H), 8.59 (d, J=4.7
Hz, 1H), 8.44 (dd, 1=7.9, 0.8 Hz, 1H), 7.87 (dd, I=11.0, 4.6
Hz, 1H), 7.48-7.43 (m, 1H), 4.43 (q, J=7.1 Hz, 2H), 1.38 (t,
J=7.1 Hz, 3H). *C NMR (101 MHz, CDCl,) & 162.20,
151.88, 149.14, 148.92, 148.79, 146.54, 137.80, 137.19,

126.79, 122.40, 62.53, 14.06.

6. Intermediate Preparation of
6-amino-5-hydroxy-2-substituted
pyrimidin-4(3H)-one

(€] (€]
OMe N
MeO H —*

(6] OTHP

31 36
(€] "fHP (€]

(6] OH
HN HN
. — . —
x X
Ry N H Ry N H
37 38
(€]
OH
I
R )\N NéN\©
39
(€]
OH
1
N
Ry N NH,
40
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Preparation of 37 followed procedures described above for
the preparation of 2,5,6-trisubstutued-4-hydroxypyrim-
idines, with the exception that 32 is any protected alpha-
hydroxy acetaldehyde (i.e. THP protected 36). Deprotection
of 37 involves dissolving 37 (5.85 mmol) in hot methanol
(1M) and adding catalytic amount of toluenesulphonic acid to
the homogeneous mixture. The mixture is stirred overnight at
room temperature, analyzed to determine complete, then con-
centrated in vacuo, with solid collected by filtrate using ethyl
acetate to wash to afford 38 in quantitative yield. For conver-
sionto 39, a separate reaction vessel is established containing
aniline (5.85 mmol) in water (3.8 mL) and concentrated HCI
(1.9 mL) cooled in an ice bath and stirred vigorously. Sodium
nitrite as a 2M solution in water (2.92 mL, 1 equivalent) is
added, followed by 3 equivalents of sodium acetate (262 mg)
which is added very slowly to the mixture with continuous
stirring. Once addition is complete, the intermediate 38 (5.85
mmol) dissolved in 10% NaOH (4.84 ml.) is added, and
stirring continues at 0° C. for an hour, then warmed to room
temperature. The mixture is diluted with water, and the pre-
cipitate filtered and the solids washed with more water, then
dried in in vacuo to afford 39 as a blood red solid. To inter-
mediate 39 in water at 70° C. is added in small portions
sodium dithionite until a noticeable color change resulted
(usually dark to yellowish). Sample is stirred at 70° C. with
additional sodium dithionite added if dark color returned to
mixture. Once yellowish color stabilizes for 30 minutes, the
mixture is cooled in an ice bath, resulting in a precipitate. The
precipitate is filtered, washing with water then dried to afford
product 40 in reasonable purity (generally >75%) and yield
(50-80%).

7. 6-amino-2-(pyridin-2-yl)pyrimidine-4,5-diol

OH
OH

N

| P
AN N NH,

/N

Avg. Purity (TWC & ELSD): 100%. 'H NMR (400 Mz,
DMSO) 8 11.39 (br s, 1H), 8.72 (d, J=4.5 Hz, 1H), 8.63-8.41
(brs, 1H),8.21 (d,J=7.9 Hz, 1H),8.05 (td, J=7.8, 1.6 Hz, 1H),
7.65-7.56 (m, 1H), 5.98 (br s, 2H).

8. Intermediate Preparation of
2,6-disubstutued-5-(benzyloxy)-pyrimidin-4(3H)-one

HN Y NH,
0 0 R,
34
BnO. —_—
OMe MeO Ry

75 76
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-continued
O (@]
OBn OH
HN HN
| — |
™ X
Ry N Ry Ry N Ry
77 78

To a mixture of methyl 2-(benzyloxy)acetate 75 and ester
(i.e., 76) in tetrahydrofuran (0.25M, THF) at 0° C. under a
nitrogen atmosphere is added drop-wise 1.1 equivalents of
1M lithium bis(trimethylsilyl)amide in THF (tetrahydrofu-
ran). Upon completion of the addition, the mixture is main-
tained at 0° C. for at least 3 hours, then allowed to warm
slowly to room temperature. The reaction is then followed by
HPLC. Once deemed complete, the crude product is
quenched with methanol, and concentrated in vacuo. The
crude product can be purified by chromatography or used
directly in the cyclization step. To the crude product dissolved
in methanol (0.25M), appropriate amidine 34 is added, fol-
lowed by 4 to 5 equivalents of DBU (1,8-diazobicyclo[5.4,
0]-undec-7-ene). The mixture is then placed under a nitrogen
atmosphere, and maintained within a temperature range of 50
to 60° C. The reaction is then followed by HPLC until the
starting adduct has been consumed. The mixture is then con-
centrated and purified by chromatography to afford 77 (and
similar analogs), including the following four examples. Fur-
ther, deprotection of 77 can be accomplished to produce
compounds of type 78. Deprotection of 77 is done via typical
hydrogenation conditions using a suitable catalyst, e.g., 10%
Palladium on carbon, under a hydrogen atmosphere for 1-2
hours. Alternatively, 77 can be subjected to 1 to 33% hydro-
gen bromide in acetic acid (0.2M) for 1 to 2 hours. Deprotec-
tion is followed with final purification by HPLC to yield the
desired final compound 78 in both cases. Typical yields
ranged from 20-60% overall.

9. 2-amino-5-(benzyloxy)-3-methyl-6-(5-methyl-
isoxazol-3-y)pyrimidin-4(3H)-one

'H NMR (400 MHz, DMSO) 8 7.47-7.39 (m, 2H), 7.39-
7.26 (m, 3H), 7.09 (br s, 2H), 6.43 (d, J=1.1 Hz, 1H), 4.92 (s,
2H), 3.34 (s, 3H), 2.43 (d, J=0.9 Hz, 3H).

10. 5-(benzyloxy)-2-(methylamino)-6-(5-methyl-
isoxazol-3-yl)pyrimidin-4-ol

50

'HINMR (400 MHz, DMSO) 8 11.47 (s, 1H), 7.46-7.38 (m,
2H), 7.38-7.26 (m, 4H), 6.47 (s, 1H), 4.95 (s, 2H), 2.79 (d,
J=4.7 Hz, 3H), 2.44 (d, J=0.9 Hz, 3H).

5 11. 5-(benzyloxy)-6-((benzyloxy )methyl)-2-(methy-
lamino)pyrimidin-4-ol

10

15 |
OBn

'H NMR (400 MHz, DMSO) 8 11.25 (br s, 1H), 7.33 (m,
20 10H), 6.28 (br's, 1H), 4.88 (s, 2H), 4.45 (s, 2H), 4.18 (s, 2H),
2.76 (s, 3H).

12. 3-(5,6-dihydroxy-2-(5-methylpyrazin-2-yl)pyri-
midin-4-yl)-1,2.4-oxadiazol-5(4H)-one
23 'H NMR (400 MHz, DMSO) & 13.02 (brs, 1H), 12.64 (s,
1H), 9.74 (d, J=1.4 Hz, 1H), 8.64 (d, J=1.4 Hz, 1H), 2.61 (s,
3H).

13. General Preparation of 3-hydroxy-4-ox0-4,6,7,8-

30 tetrahydropyrrolo[1,2-a]pyrimidine-2-carboxylester

Cl
35
B N —
11
\O/ \Boc
= 67
w0 N
66
Boc
\N /o\
Bn Bn
45 v—d
—_— —_—
| | NHHCI
69
50 N
68
(€]
OH
N—OH N
55 |
I A O
NHHCI N ~
70 (6]
71
60
See: J. Med. Chem. 2008, 51, 861-874, incorporated herein
by reference. To carbamate 67 (42.5 mmol, 1 equivalent) in
DMF (0.4M) under nitrogen atmosphere at rt is added the
65 unwashed sodium hydride slowly (2.2 g in oil, 1.3 equiva-

lents, added in about 3 equal portions) then stirred for 10
minutes. Bubbling and foaming result, with a milky white
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mixture resulting. Sodium iodide (213 mmol, 5 equivalents)
followed by the nitrile 66 (42.5 mmol, 1 equivalent) is added
and the mixture is maintained at 80° C. for 6 hours, then
cooled, followed by quenching any remaining sodium
hydride with water dropwise. Extracted out product with
ethyl acetate thrice, combined organic layers, dried and con-
centrated in vacuo. Flash chromatographed using a gradient
method (10-30% EtOAc in Hexanes) is used to produce pure
product 68 in quantitative yield (42.5 mmol). Nitrile 68 is
suspended in approximately 145 mL of 4M HCI in dioxane
and stirred at rt for 3 hours until deemed complete, then
concentrated in vacuo to afford a solid precipitate, which is
further washed with ethyl ether to produce clean cyclized
product 69. Product 69 is redissolved in methanol and sub-
jected to hydrogenation conditions (1 g of 10% Pd on char-
coal, under a hydrogen atmosphere at atmospheric pressure)
for 6 hours. The catalyst is filtered off through celite, and the
filtrate concentrated. The resulting solid is washed with Et20
and collected to afford almost quantitative product 70 (42.4
mmol). Dimethyl acetyenedicarboxylate (1 equivalent) is
added to a stirred solution of prepared amidoxime 70 (42.4
mmol) in chloroform (0.335M) containing 1.5 equivalents of
triethylamine and maintained at reflux for 75 minutes to 4
hours until deemed complete. Note, temperature variations
are dependent on amidoxime (i.e 6 membered cyclic ami-
doxime requires temperature modification). Upon cooling
and evaporation of the solvent, the crude mixture is charged
with xylenes (0.335M) and heated to 140° C. for 8 hours more
before cooling slowly to rt. The resulting heavy precipitate is
collected, washed with ethyl ether, then dried under vacuum
to afford desired 1,2-cyclic-5,6-dihydroxypyrimidines-4-car-
boxyester (i.e 71) in yields ranging from 30-70%. Spectral
comparison to referenced compounds confirmed desired
starting intermediates given by this procedure.

14. Methyl 3-hydroxy-4-0x0-4,6,7,8-tetrahydropyrro
[1,2-a]pyrimidine-2-carboxylate

Q\ / OH
N O/

Avg. Purity (TWC & ELSD): 79.2%. “H NMR (400 MHz,
CDCL,) 8 4.11 (dd, J=7.9, 6.8 Hz, 2H), 3.96 (s, 3H), 3.04 (t,
J=8.0 Hz, 2H), 2.27-2.16 (m, 2H).

15. Methyl 3-hydroxy-4-ox0-4,6-dihydropyrido[2',3":
3,4]pyrrolo[ 1,2-a]pyrimidine-2-carboxylate

O
N/ \ / OH
N ) /

'HNMR (400 MHz, DMSO) 8 10.78 (s, 1H), 8.79 (d, 1=3.7
Hz, 1H), 8.19 (d, I=7.0 Hz, 1H), 7.63 (dd, J=7.7, 4.7 Hz, 1H),
5.13 (s, 2H), 3.90 (s, 3H). *C NMR (101 MHz, DMSO) &
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166.28, 156.70, 150.77, 149.59, 147.47, 145.52, 135.02,
132.57, 129.09, 125.20, 52.36, 48.16.

16. Preparation of 3-hydroxy-4-0x0-6,7,8,9-tetrahy-
dro-4H-pyrido[ 1,2-a]pyrimidine-2-carboxylester

Cl
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Preparation of 6-membered amidoxime 73 (and similar
analogs) is similar to described above, with the exception
being a one carbon longer starting nitrile, 72. To cyclicalky-
lamidoxime 73 (1 equivalent) in chloroform (0.335M) is
added triethylamine (1.5 equivalents) at room temperature
and stirred for about 10 minutes. The mixture then is cooled
to —40° C. Then, dimethyl acetyenedicarboxylate (1 equiva-
lent) is added dropwise, followed by the mixture being
allowed to warm slowly to 0° C. over about 2 hours, then
warmed slowly to room temperature over 30 minutes and
maintained for another 60 minutes before removing and con-
centrating down in vacuo with no heat. Total reaction time is
4 hours before being concentrated, and flash chromato-
graphed by gradient method (10-90% ethyl acetate in hex-
anes). The intermediate product is diluted with xylenes
(0.335M) and the reaction is heated to 145° C. and monitored
by UPLC till completion. Concentrated down to half the
volume, then diluted with ethyl ether and filter off precipi-
tates, washing solids with ethyl ether and allowing them to
dry. Spectral comparison to referenced compounds con-
firmed desired starting intermediates given by this procedure.

17. General Intermediate Preparation of methyl
S5-(protected oxy)-1,2-disubstituted-6-oxo-1,6-dihy-

dropyrimidine-4-carboxylate
(€]
H OH
N
KA '
™ O
R N ~
(6]
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-continued

57

See: Bioorganic & Medicinal Chemistry Letters 20 (2010)
3275-3279 and references within (specifically Summa),
incorporated by reference herein. To ester 55 (1 equivalent) in
pyridine (0.3M) is added benzoic anhydride (1.2 equivalents)
under a nitrogen atmosphere. The heavy suspension is heated
to 60° C. and maintained for 3 hours before being concen-
trated until dryness. The product is suspended in dichlo-
romethane, sonicated for about 5 minutes, then collected by
filtration to afford 56 in pure form (two crops gives near
quantitatvive yield). 56 can be produced directly with other
protecting groups (THP, Benzyl for example) using the gen-
eral procedure for Preparation of 2,5,6-trisubstutued-4-hy-
droxypyrimidines. To product 56 is added cesium carbonate
(2 equivalents) and flushed with nitrogen. Anhydrous tetrahy-
drofuran (0.3M) is added, the mixture is stirred for 10 min-
utes, then the alkyl halide (2-3 equivalents) is added very
slowly before the mixture then is heated to reflux and main-
tained for 12-18 hours before being allowed to cool and
concentrated under vacuum. Crude product is purified by
flash chromatography, with the slower eluting N-alkyl prod-
uct 58 coming before the faster O-alkylated product. Typical
ratios of N-versus O-alkylated product ranged from 3:1 to 6:1
respectively, and products are verified in comparison to pub-
lished references to similar and identical products. N-alky-
lated yields ranged from 15-45% yield from 56 to 57.

18. Methyl 5-(benzoyloxy)-2-(4-fluorophenyl)-6-
methoxypyrimidine-4-carboxylate

\O
O (6]
NZ
O
\N ~
(6]
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Avg. Purity (TWC & ELSD): 96.4%. "HH NMR (400 Mz,
CDCl,) & 8.45-8.33 (m, 2H), 8.18-8.09 (m, 2H), 7.58 (dd,
J=10.6, 4.3 Hz, 1H), 7.45 (t, 1=7.7 Hz, 2H), 7.07 (t, J=8.7 Hz,
2H), 4.06 (s, 3H), 3.80 (s, 3H). '*C NMR (101 MHz, CDCL,)
3 166.13, 163.83, 163.71, 163.42, 160.02, 147.34, 134.08,
132.55, 131.88, 130.76, 130.68, 130.51, 128.74, 128.30,
115.60, 115.39, 58.56, 54.89, 53.06.

19. Methyl 5-(benzoyloxy)-2-(4-fluorophenyl)-1-
methyl-6-0x0-1,6-dihydropyrimidine-4-carboxylate

Avg. Purity (TWC & ELSD): 98.9%. ' NMR (400 Mz,
CDCL,) & 8.45-8.33 (m, 2H), 8.18-8.09 (m, 2H), 7.58 (dd,
J=10.6, 4.3 Hz, 1H), 7.45 (t, J=7.7 Hz, 2H), 7.07 (t, J=8.7 Hz,
2H), 4.06 (s, 3H), 3.80 (s, 3H). '*C NMR (101 MHz, CDCL)
3 165.29, 163.72, 163.04, 162.75, 158.67, 156.80, 140.95,
137.47, 134.07, 130.81, 130.72, 130.62, 129.96, 128.65,
128.24, 116.32, 116.10, 53.17, 35.38.

20. Methyl 5-(benzoyloxy)-1-methyl-6-oxo-2-(pyri-
din-2-y1)-1,6-dihydropyrimidine-4-carboxylate

FINMR (400 MHz, CDCl,) 3 8.67 (dt, J=4.8, 1.2 Hz, 1H),
8.21-8.15 (m, 2H), 7.91-7.84 (m, 2H), 7.65-7.57 (m, 1H),
7.48 (1, J=7.7 Hz, 2H), 7.42 (dd, J=9.1, 4.6 Hz, 1H), 3.80 (s,
3H), 3.64 (s, 3H). *C NMR (101 MHz, CDCl,) d 163.68,
163.09, 158.74, 155.03, 152.24, 148.79, 140.67, 138.24,
137.64, 134.03, 130.67, 128.65, 12833, 125.40, 12534,
53.16, 34.60.



US 9,328,075 B2

55

21. Methyl 5-(benzoyloxy)-1-methyl-2-(1-methyl-
1H-imidazol-4-y1)-6-oxo0-1,6-dihydropyrimidine-4-
carboxylate

'H NMR (400 MHz, CDCl,) 8 8.15 (s, 1H), 8.13 (d, I=1.2
Hz, 1H),7.69 (s, 1H), 7.57 (1, J=7.4 Hz, 1H),7.44 (1, 1=7.6 Hz,
4H), 3.93 (s, 3H), 3.77 (s, 3H), 3.71 (s, 3H). '3C NMR (101
MHz, CDCL,)  163.89, 163.42, 159.07, 151.52, 141.11,
137.74, 136.87, 136.21, 133.88, 130.60, 128.59, 128.54,
126.21,77.39, 77.08, 76.76, 53.01, 34.21, 33.81.

22. Protocol A. General Preparation for the
Amidation of
5,6-dihydroxypyrimidines-4-carboxyester

(€]
(€]
Ry OH
Raw OH N R
N | — )\ | /
X N\
)\ Ry N Ry
R] N COzMe
(6]

A 48-position MiniBlock XT containing 11.5x110 mm
reaction tubes with stir bars was charged with a solution of
starting 4,5-dihydroxypyrimidine methyl esters (0.15 mmol)
in dimethylformamide or N-methyl-2-pyrrolidone (300 plL.)
to each vessel. 3 equivalents of the appropriate amine (0.45
mmol) from a 1M stock solution (dimethylformamide or
N-methyl-2-pyrrolidone) are added accordingly to plate map-
ping. An inert atmosphere manifold is installed on the
MiniBlock XT and the reactions are placed under a nitrogen
atmosphere then gently heated to 90° C. and maintained for
8-16 hours with medium stirring. Once completed, the reac-
tions are allowed to cool to room temperature, then diluted
with 500 pL. of DMSO, and transferred to a Thompson filter
plate (pre-packed with celite connected to a Waters 2 mL
96-deep well plate). Following filtration and an additional
washing of the filter plate with 200 pl. more of DMSO, the
crude products are analyzed by UPLC and purified by either
Supercritical Fluid Chromatography (SFC) or Reverse Phase
Liquid Chromatography (RPLC). Final purity was measured
by the total wavelength current (TWC) from A=210-400 nm
ona UPLC.

23. Protocol A2. General Preparation for the
Amidation of
5,6-dihydroxypyrimidines-4-carboxyester with
Anilines

In a 48 position reaction block containing 11.5x110 mm
test tubes with a stir bar, a heat transfer condenser, and an inert
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atmosphere top, is added 1 equivalent ((0.05 mmol) of the
0.3M solution of methyl 5,6-dihydroxypyrimidine-4-car-
boxylates derivative (in NMP) followed by 3-5 equivalents of
a 1M solution of the appropriate amine in NMP. The block is
placed on a stir plate and heated to 160° C. while stirring for
8 hours. Once completed, the reactions are allowed to cool to
room temperature, then diluted with 500 pL of DMSO, and
transferred to a Thompson filter plate (pre-packed with celite
connected to a Waters 2 mL 96-deep well plate). Following
filtration and an additional washing of the filter plate with 200
pL more of DMSQO, the crude products are analyzed by UPL.C
and purified by either Supercritical Fluid Chromatography
(SFC) or Reverse Phase Liquid Chromatography (RPLC).
Final purity is measured by the total wavelength current
(TWC) from A=210-400 nm on a UPLC.

24. Protocol B. General Preparation for the Amida-
tion of 5-(benzoyloxy)-1,2-disubstituted-6-oxo0-1,6-
dihydropyrimidine-4-carboxyester

—_—
)
Rae on
N Ry
)\ | N/
X
R N SR,
0
58

Final amidation of 57 to 58 follows the same general ami-
dation of 5,6-dihydroxypyrimidines-4-carboxyester (see
above), with the exception that 3-5 equivalents of appropriate
amine were added.

25. Protocol B2. General Preparation for the Amida-

tion of 5-(benzoyloxy)-1,2-disubstituted-6-oxo0-1,6-

dihydropyrimidine-4-carboxyester followed by t-bu-
tyl ester deprotection

Amidation follows Protocol B, with the exception of not
following the work-up involved in these protocols. To each
crude products mixture (0.05 mmol scale), respectively from
the previous reaction is added 10 mole equivalents of TFA
followed by 0.2 mL of DCM. The XT block is replaced back
on a stir plate, and permitted to stir until deemed complete by
UPLC. Once completed, the reactions are then diluted with
500 pL. of DMSQO, and transferred to a Thompson filter plate
(pre-packed with celite connected to a Waters 2 mL. 96-deep
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well plate). Following filtration and an additional washing of
the filter plate with 200 ul. more of DMSO, the crude prod-
ucts are analyzed by UPLC and purified by either Supercriti-
cal Fluid Chromatography (SFC) or Reverse Phase Liquid
Chromatography (RPLC). Final purity is measured by the
total wavelength current (TWC) from A=210-400 nm on a
UPLC.

26. Protocol C. General Preparation for the
Sequential Amidation of
5,6-dihydroxypyrimidines-4-carboxyester

)
R, on
~x |
)\
MeO,C N COMe
)
Ry . on
M —
N S
R N CO>Me
0
)
R on
Ry N Rs
\N N/
™
Ry N SRe
0 0

To a 48-position MiniBlock XT containing 11.5x110 mm
reaction tubes with stir bars is charged with a solution of
starting 4,5-dihydroxypyrimidine methyl esters (0.15 mmol)
in dimethylformamide or N-methyl-2-pyrrolidone (300 plL.)
to each vessel. 2.5 equivalents of the appropriate amine (0.45
mmol) from a 1M stock solution (DMF or NMP) are added
accordingly to plate mapping. An inert atmosphere manifold
is installed on the MiniBlock X T and the reactions are placed
under a nitrogen atmosphere then gently heated to 90° C. and
maintained for 8-16 hours with medium stirring. 6 equiva-
lents of the second appropriate amine (0.9 mmol, neat) are
added accordingly to plate mapping. An inert atmosphere
manifold is installed on the MiniBlock XT and the reactions
are placed under a nitrogen atmosphere then gently heated to
90° C. and maintained for an additional 12-16 hours with
medium stirring. Once completed, the reactions are allowed
to cool to room temperature, then diluted with 500 pl of
DMSO, and transferred to a Thompson filter plate (pre-
packed with celite connected to a Waters 2 mI, 96-deep well
plate). Following filtration and an additional washing of the
filter plate with 200 ul. more of DMSQO, the crude products are
analyzed by UPLC, identifying the major peak as the desired
product in each sample, then isolated and purified by either
Supercritical Fluid Chromatography (SFC) or Reverse Phase
Liquid Chromatography (RPLC). Final purity is measured by
the total wavelength current (TWC) from A=210-400 nm on a
UPLC.
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27. Protocol C2. General Preparation for the
Sequential Amidation of
5,6-dihydroxypyrimidines-4-carboxyester
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Conversion from 45 to 46 on scales ranging from 0.05 to
0.1 mmol follows either Protocol A, A2, or B, with the excep-
tion of not following the work-up involved in these protocols.
With these crude reaction mixtures containing crude 46 is
added 1 mL of methanol and 1 mL of 4M HCl in dioxane. The
block is fitted with a sealing top then heated to 50° C. for 8 hrs
when deemed completed by UPLC analysis. Once deprotec-
tion is complete, samples are concentrated in vacuo to near
dryness, removing all traces of methanol. Samples are then
fitted with an inert atmosphere manifold and flushed under
nitrogen before adding dry DMF to an approximate 0.2M
concentration. 10 equivalents of Et;N is added followed by
2.5 equivalents of TMSCI and the mixture is stirred for 20
minutes at rt. Once time has completed, 6 equivalents of the
appropriate acid chloride solution (previously prepared as a
1M stock solution in DMF) is then introduced and the reac-
tions stirred at room temperature for at least 8 hours until
deemed complete by UPLC, producing crude product 47. The
reactions are then diluted with 500 pulL of DMSO, and trans-
ferred to a Thompson filter plate (pre-packed with celite
connected to a Waters 2 mL 96-deep well plate). Following
filtration and an additional washing of the filter plate with 200
pul, more of DMSO, the crude products are analyzed by
UPLC, identifying the major peak as the desired product in
each sample, then isolated and purified by either Supercritical
Fluid Chromatography (SFC) or Reverse Phase Liquid Chro-
matography (RPLC). Final purity is measured by the total
wavelength current (TWC) from A=210-400 nm on a UPLC.
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28. Protocol D. General Preparation for the
Amidation of 6-amino-5-hydroxy-2-substituted
pyrimidin-4(3H)-one

7 0
OH
HN OH
)\ | 1 4
X | K
Ry N NH, /K
Ry N N R,
40

In a 48 position reaction block, incorporated with an inert
atmosphere manifold, containing 11.5x110 mm test tubes
with stir bars, 1.3 equivalent of the 1M solution of Benzot-
riazol-1-yloxytris(dimethylamino)-phosphonium hexafluo-
rophosphate (commonly referred to as BOP) or 2-(1H-ben-
zotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (commonly referred to as HBTU) in
DMF is added followed by 1.5 equivalent of a 1M solution of
triethylamine in DMF. The appropriate carboxylic acid solu-
tion (1.2 equivalent, 1M in DMF) is added followed by 1.0
equivalent of the 1M solution of the amine 40 in DMF. The
inert atmosphere manifold is added to the block, and the block
is placed on a stir plate at room temperature (20-25° C.) and
stirred for 16 hours (overnight). Once complete, the mixtures
are further diluted with DMSO while being transferred into
Thompson 96 well filter plate packed with a small amount of
Celilte 545 and attached to a Waters 96 well collection plate.
Following filtration and an additional washing of the filter
plate with 200 pl. more of DMSO, the crude products are
analyzed by UPLC and purified by either Supercritical Fluid
Chromatography (SFC) or Reverse Phase Liquid Chromatog-
raphy (RPLC). Final purity of the reverse amide product is
measured by the total wavelength current (TWC) from
A=210-400 nm on a UPLC.

29. Protocol E. General Preparation for the Grignard
organometalic addition of
4,5-dihydroxypyrimidines-4-carboxyester

0
R, oH %
~y |
—_—
Mg
o) e
PN “
0

a. E1. IfR2 is H or Alkylated and R does not Equal aryl.

In a 48 position reaction block containing 11.5x110 mm
test tubes with a stir bar is added 1 equivalent of the 0.5M
solution of methyl 5,6-dihydroxypyrimidine-4-carboxylates
derivative followed by 1.2 equivalents ofa 1M solution of the
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triethyl amine. An inert atmosphere top is attached and the
system is placed under nitrogen. 1.2 equivalents of the 1M
trimethylsilylchloride (TMSCI) solution is then added and
the reaction stirred at rt for 15 minutes, followed by cooling to
-40° C. using an acetonitrile bath with dry ice. Once the
temperature is stabilized, 2 equivalents of the appropriate
grinard is added accordingly at areasonable speed by syringe.
Once addition has been completed, the mixtures are stirred
for 30 minutes to an hour at temperatures between —-40° C.
and -30° C. then quenched with saturated ammonium chlo-
ride solution (~200ul) and allowed to warm to rt afterwards.
The resulting mixture is diluted with ethyl acetate, extracted
twice with ethyl acetate, the organic layers combined, and
concentrated in vacuo. Each crude sample is diluted with 500
L of DMSO, and transferred to a Thompson filter plate
(pre-packed with celite connected to a Waters 2 mL. 96-deep
well plate). Following filtration and an additional washing of
the filter plate with 200 pL. more of DMSO, the crude prod-
ucts are analyzed by UPLC and purified by either Supercriti-
cal Fluid Chromatography (SFC) or Reverse Phase Liquid
Chromatography (RPLC). Final purity is measured by the
total wavelength current (TWC) from A=210-400 nm on a
UPLC. Typical yields ranged from 5-50% overall.

b. E2. If R Equals Aryl.

In a 2 ml. microwave vial flushed with nitrogen containing
astir bar, sealed with an inert atmosphere top and flushed with
nitrogen is added 500 uL. (0.05 mmol) of the 0.1 M solution of
methyl 5,6-dihydroxypyrimidine-4-carboxylates derivative
followed by 2.2 equivalents of a 1 M solution of the triethyl
amine. 2.2 equivalents of the 1 M TMSCI solution is then
added with a syringe and the reaction stirred at rt for at least
10 minutes. Once complete, 3-3.2 equivalents of the appro-
priate Grignard is added accordingly at a reasonable speed by
syringe. Once addition has been completed, the mixtures are
microwaved at 100° C. for 30 minutes then cooled to rt
afterwards and quenched with ammonium chloride solution.
The resulting mixture is diluted with ethyl acetate, extracted
twice with ethyl acetate, the organic layers combined, and
concentrated in vacuo. Each crude sample is diluted with 500
L of DMSO, and transferred to a Thompson filter plate
(pre-packed with celite connected to a Waters 2 mL. 96-deep
well plate). Following filtration and an additional washing of
the filter plate with 200 pL. more of DMSO, the crude prod-
ucts are analyzed by UPLC and purified by either Supercriti-
cal Fluid Chromatography (SFC) or Reverse Phase Liquid
Chromatography (RPLC). Final purity is measured by the
total wavelength current (TWC) from A=210-400 nm on a
UPLC. Typical yields ranged from 5-50% overall.

c. E3. If Hindered Grignard Used.

In a 2 mL. microwave vial containing a stir bar, sealed with
an inert atmosphere top and flushed with nitrogen is added
500 uL. (0.05 mmol) of the 0.1 M solution of methyl 5,6-
dihydroxypyrimidine-4-carboxylates derivative followed by
2.2 equivalents of a 1M solution of the triethyl amine. 2.2
equivalents of the 1 M TMSCI solution is then added with a
syringe and the reaction stirred at rt for at least 10 minutes.
Once complete, 4.2 equivalents of the appropriate Grignard is
added accordingly at a reasonable speed by syringe. Once
addition has been completed, the mixture is microwaved at
100° C. for 30 minutes then cooled to rt afterwards and
quenched with ammonium chloride solution (~100-200 pL.),
stirring for 5 minutes. The resulting mixture is diluted with
ethyl acetate, extracted twice with ethyl acetate, the organic
layers combined, and concentrated in vacuo. FEach crude
sample is diluted with 500 ul. of DMSO, and transferred to a
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Thompson filter plate (pre-packed with celite connected to a
Waters 2 mL. 96-deep well plate). Following filtration and an
additional washing of the filter plate with 200 pl. more of
DMSO, the crude products are analyzed by UPLC and puri-
fied by either Supercritical Fluid Chromatography (SFC) or
Reverse Phase Liquid Chromatography (RPLC). Final purity
is measured by the total wavelength current (TWC) from
A=210-400 nm on a UPLC. Typical isolated yields ranged
from 5-50% overall.

30. Protocol F. General Preparation of
6-(1H-benzimidazol-2-y1)-4,5-dihydroxypyrimidines
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To ester (0.1 mmol) in an XT block with a cooled heat
transfer block is added 500 plL of a 0.6M solution of diamine
previously dissolved in 20% acetic acid in ethanol. The syn-
thesizer is sealed with a septum top plate but not placed under
any special atmosphere. The mixture then is refluxed for at
least 20 hours until deemed complete by analysis; then
cooled. Each crude sample is diluted with 500 uL. of DMSO,
and transferred to a Thompson filter plate (pre-packed with
celite connected to a Waters 2 ml. 96-deep well plate). Fol-
lowing filtration and an additional washing of the filter plate
with 200 pL. more of DMSO, the crude products are analyzed
by UPLC and purified by either Supercritical Fluid Chroma-
tography (SFC) or Reverse Phase Liquid Chromatography
(RPLC). Final purity is measured by the total wavelength
current (TWC) from A=210-400 nm on a UPLC. Typical
isolated yields ranged from 5-50% overall.

31. Protocol G. General Preparation of 5-hydroxy-2-
substituted-6-(3-substituted-1,2,4-oxadiazol-5-yl)
pyrimidin-4(3H)-one

10

15

25

35

40

45

50

55

60

62

-continued

To ester (0.1 mmol) and amidoxime (3-5 equivalents) in
500 pL of ethanol is placed under nitrogen in an XT block
with a cooled heat transfer block. 5 equivalents of 21%
sodium ethoxide in ethanol is added by syringe and the mix-
ture then is refluxed for at least 18 to 24 hours; then cooled.
Each crude sample is diluted with 500 ul. of DMSO, and
transferred to a Thompson filter plate (pre-packed with celite
connected to a Waters 2 mL 96-deep well plate). Following
filtration and an additional washing of the filter plate with 200
pL more of DMSQO, the crude products are analyzed by UPL.C
and purified by either Supercritical Fluid Chromatography
(SFC) or Reverse Phase Liquid Chromatography (RPLC).
Final purity is measured by the total wavelength current
(TWC) from A=210-400 nm on a UPLC. Typical isolated
yields ranged from 5-50% overall.

32. 5,6-dihydroxy-N-(4-methylcyclohexyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
HN

x
N

A

/N (6]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) & 9.16 (bs, 1H),
8.86 (bs, 1H), 8.76 (m, 3H), 8.65 (d, J=8.0 Hz, 1H), 8.22 (d,
J=7.3 Hz, 2H), 7.80-7.65 (m, 2H), 3.98-3.72 (m, 2H), 1.98-
1.51 (m, 13H), 1.51-1.30 (m, 3H), 1.01 (d, J=7.0 Hz, 4H),
0.91 (d, J=6.5 Hz, 3H). *C NMR (101 MHz, DMSO) §
167.21, 167.10, 158.18, 149.18, 146.22, 146.08, 142.67,
14248, 126.71, 123.16, 122.97, 48.33, 47.73, 34.04, 33.61,
31.47,31.37,30.09, 27.13, 26.67, 22.19, 18.45. HRMS: m/z
caled for C17H2IN403+ [M+H]:329.1614. found:
329.1609.

33. 5,6-dihydroxy-N-(naphthalen-1-ylmethyl)-2-
(pyridin-2-yl)pyrimidine-4-carboxamide
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Prepared according to Protocol A. Avg. Purity (TWC & 36. 5,6-dihydroxy-2-(pyridin-2-y1)-N-(3-(pyrrolidin-
ELSD): 100%. ‘H NMR (400 MHz, DMSO-d6)  10.11 (s, 1-yDpropyl)pyrimidine-4-carboxamide

1H), 8.76 (dd, J=5.2, 3.4 Hz, 2H), 8.18 (t, J=7.8 Hz, 1H),
7.98-7.80 (m, 4H), 7.70 (dd, J=7.1, 5.8 Hz, 1H), 7.58 (dd,
J=8.5,1.5Hz, 1H), 7.54-7.44 (m, 2H),4.74 (d, ]=6.4 Hz, 2H). 5
13C NMR (101 MHz, DMSO-d6) 8 168.47, 157.67, 149.43,

147.62, 147.18, 143.34, 136.10, 132.82, 132.16, 128.03, E>
127.56, 127.52, 126.31, 126.23, 125.93, 125.77, 125.66, N
122.71,42.42. HRMS: m/z caled for C2IHI7N4O3+ [M+H]:

373.1301. found: 373.1310. OH
NZ
34. 5,6-dihydroxy-2-(pyridin-2-y1)-N-(1,2,3,4-tet- ~ ™ NH
rahydronaphthalen-1-yl)pyrimidine-4-carboxamide | N
15 N 0
Q Prepared according to Protocol A. Avg. Purity (TWC &
OH 50 BLSD): 98.9%. 'H NMR (400 MHz, CDCl,) 8 8.75 (s, 1H),
HN 8.63 (d, J=7.7, 1H), 8.51 (s, 1H), 8.48 (d, I=4.8, 1H), 7.78 (1,
§ J=7.8, 1H), 7.35-7.27 (m, 1H), 3.51 (d, J=5.6, 2H), 3.07 (brs,
AN \N 4H), 3.02 (dd, J=18.0, 10.9, 2H), 2.03 (dd, J=14.1, 7.7, 2H),
| 1.96 (s, 4H). HRMS: m/z calcd for C17H22N503+ [M+H]:
=N o 25 344.1723. found: 344.1735.

37. N-(3-(dimethylamino)-2,2-dimethylpropyl)-5,6-
dihydroxy-2-(pyridin-2-yl)pyrimidine-4-carboxam-
ide

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, DMSO) 8 9.50 (d, 1=9.0
Hz, 1H), 8.73 (dd, J=15.1, 6.4 Hz, 2H), 8.06 (t, J=7.7Hz, 1H), 30
7.70-7.55 (m, 1H),7.18 (dd, J=5.4,2.7 Hz, 4H), 5.32 (d, =8 .4
Hz, 2H), 2.96-2.68 (m, 2H), 2.13-1.93 (m, 3H), 1.82 (m, 1H).
13C NMR (101 MHz, DMSO) 8 168.32, 157.35, 149.84,
148.35, 147.89, 143.80, 137.25, 136.71, 128.89, 127.26,
126.83, 126.01, 122.62, 47.40, 29.40, 28.89, 21.14. HRMS: ¥ N\
m/z caled for C20H19N403+ [M+H]:363.1458. found:

363.1459. OH

~

/N (6]

35. 5,6-dihydroxy-N-(2-morpholinoethyl)-2-(pyri-

din-2-ylpyrimidine-4-carboxamide 4 Prepared according to Protocol A. Avg. Purity (TWC &

ELSD): 100%. 'H NMR (400 MHz, CDCI;) 9.12 (br's, 1H),
8.59-8.52 (m, 1H), 8.41 (dd, J=8.0, 0.9, 1H), 8.28 (s, 1H),

o 7.81(td,J=7.8,1.7,1H),7.41-7.33 (m, 1H),3.41 (s, 2H), 2.63
5o (m, 8H), 1.12-1.02 (s, 6H). HRMS: m/z caled for
C17H24N503+ [M+H]:346.1880. found: 346.1873.
OH
o 38. 5,6-dihydroxy-N-(2-Hydroxypropyl)-2-(pyridin-
NZ | 5 2-yD)pyrimidine-4-carboxamide
NH
T
OH
= N (6]
OH
6 NZ on
Prepared according to Protocol A. Avg. Purity (TWC & NH

ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 8.66 (d, 1=3.7, AN \N
1H), 8.43 (br s, 1H), 8.38 (d, J=7.5, 1H), 7.93 (t, J=7.6, 1H),
7.52-7.45 (m, 1H), 3.84 (s, 4H), 3.66 (d, ]=5.6, 2H), 2.78 (t, 5 =N 0

J=6.0, 2H), 2.72 (m, 4H). HRMS: m/z caled for
C18H20N504+ [M+H]:346.1516. found: 346.1510.



US 9,328,075 B2

65

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.48 (s, 1H),
11.08 (s, 1H), 8.53 (d,J=4.7, 1H), 8.21 (d, J=7.9, 1H), 8.02 (s,
1H), 7.81 (td, I=7.8, 1.5, 1H), 7.47-7.30 (m, 1H), 4.18-3.94
(m, 1H), 3.63 (ddd, J=13.9, 6.9, 3.1, 1H), 3.26 (ddd, J=13.5,
7.7, 5.5, 1H), 1.22 (1, I=15.2, 3H). HRMS: m/z caled for
C13H15N404+ [M+H]: 291.1094. found: 291.1094.

39. 5,6-dihydroxy-N-(4-hydroxybutyl)-2-(pyridin-2-
yDpyrimidine-4-carboxamide

oH
NZ ot (\/\OH
AN A | NH
N
| N o)

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 95.3%. '"H NMR (400 MHz, CDCl,) 8 12.62 (s, 1H),
11.07 (s, 1H), 8.55 (d, J=4.8, 1H), 8.22 (d, J=7.9, 1H), 7.95-
7.73 (m, 2H), 7.46-7.31 (m, 1H), 3.75-3.62 (m, 2H), 3.54-
3.38 (m, 2H), 1.79-1.69 (m, 2H), 1.64 (dt, I=9.9, 6.5, 2H).
HRMS: m/z caled for C14H17N404+ [M+H]: 305.1251.
found: 305.1258.

40. N-(2-cyanoethyl)-5,6-dihydroxy-2-(pyridin-2-y1)
pyrimidine-4-carboxamide

OH
NZ ot (\CN
NN | NH
N
| N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.05 (s, 1H),
11.11 (s, 1H), 8.55 (m, 1H), 8.2 (m, 1H), 8.02 (s, 1H), 7.81 (m,
1H), 7.38 (m, 1H), 3.71 (q, J=6.4, 2H), 2.71 (t, ]=6.3, 2H).
HRMS: m/z caled for C13H12N503+ [M+H]: 286.0941.
found: 286.0937.

41. N-(3-(dibutylamino)propyl)-5,6-dihydroxy-2-
(pyridin-2-yl)pyrimidine-4-carboxamide

OH ]|3u
OH N
N = | (\/ ~ Bu
N NH
N N
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. ‘H NMR (400 MHz, CDCl,) § 8.80 (s, 1H),
8.61 (d, I=7.8, 1H), 8.56-8.41 (m, 2H), 7.80 (t, J=7.7, 1H),
7.40-7.29 (m, 1H), 3.51 (d, J=5.4, 2H), 2.98 (t, J=7.2, 2H),
2.92-2.77 (m, 4H), 2.07 (dd, J=13.0, 4.3, 2H), 1.68-1.45 (m,
4H), 1.37-1.17 (m, 4H), 0.85 (t,J=7.3, 6H). HRMS: m/z caled
for C21H132N503+ [M+H]: 402.2506. found: 402.2496.

42. 5,6-dihydroxy-N-(3-(2-oxopyrrolidin-1-yl)pro-
pyD-2-(pyridin-2-yl)pyrimidine-4-carboxamide

OH
N OH (\/Q
S | NH ©
A N
| oz N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.61 (s, 1H),
11.05 (s, 1H), 8.94 (s, 1H), 8.65 (d, J=8.0, 1H), 8.59-8.42 (m,
1H), 7.82 (td, J=7.8, 1.7, 1H), 7.33 (ddd, I=7.5, 4.8, 1.1, 1H),
3.45-3.25 (m, 6H), 2.39 (t, J=8.1, 2H), 2.09-1.93 (m, 2H),
172 (dq, J=12.0, 6.0, 2H). HRMS: m/z calcd for
C17H20N504+ [M+H]: 358.1516. found: 358.1523.

43. 5,6-dihydroxy-N-(2-methoxyethyl)-2-(pyridin-2-
yDpyrimidine-4-carboxamide

OH
P OH o
NN | NH
N
| N o

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.51 (s, 1H),
11.07 (s, 1H), 8.54 (ddd, J=4.8, 1.6, 0.9, 1H), 8.21 (dt, J=8.0,
1.0, 1H), 7.93 (s, 1H), 7.88-7.72 (m, 1H), 7.37 (ddd, J=7.6,
4.8,1.1, 1H), 3.59 (m, 2H), 3.57-3.49 (m, 2H), 3.35 (s, 3H).
HRMS: m/z caled for C13H15N404+ [M+H]: 291.1094.
found: 291.1096.

44. 5,6-dihydroxy-N-(3-methoxypropyl)-2-(pyridin-
2-yDpyrimidine-4-carboxamide

on
on
N7 0 N
A NH
~ N
N 0
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.77 (s, 1H),
11.14 (s, 1H), 8.65 (ddd, J=4.8, 1.6, 0.9, 1H), 8.47-8.24 (m,
2H), 7.90 (td, I=7.8, 1.7, 1H), 7.56-7.41 (m, 1H), 3.71-3.56
(m, 4H), 3.46 (d, I=6.3, 3H), 1.97 (td, J=11.2, 5.8, 2H).
HRMS: m/z caled for C14H17N404+ [M+H]: 305.1251.
found: 305.1257.

45. 5,6-dihydroxy-2-(pyridin-2-yl)-N-((tetrahydrofu-
ran-2-yl)methyl)pyrimidine-4-carboxamide

OH
A OH o
e NH
Y
. N [@]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.54 (s, 1H),
11.07 (s, 1H), 8.61-8.46 (m, 1H), 8.31-8.13 (m, 1H), 7.94 (s,
1H), 7.81 (td, J=7.8, 1.7, 1H), 7.44-7.31 (m, 1H), 4.04 (qd,
J=7.1,3.3, 1H), 3.87 (dt, J=8.2, 6.7, 1H), 3.80-3.72 (m, 1H),
3.67 (ddd, J=13.9, 6.6, 3.3, 1H), 3.39-3.27 (m, 1H), 1.99 (dt,
J=12.2, 6.9, 1H), 1.93-1.81 (m, 2H), 1.56 (ddd, J=15.2,12.2,
7.5, 2H). HRMS: m/z caled for C15H17N404+ [M+H]:
317.1251. found: 317.1236.

46. 5,6-dihydroxy-N-(1-methoxypropan-2-yl)-2-
(pyridin-2-yl)pyrimidine-4-carboxamide

OH

f/

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.62 (s, 1H),
11.07 (s, 1H), 8.54 (ddd, J=4.8, 1.6, 0.9, 1H), 8.19 (dt, J=8.0,
1.0, 1H), 7.85-7.7 (m, 2H), 7.47-7.28 (m, 1H), 4.39-4.16 (m,
1H), 3.49-3.39 (m, 2H), 3.36 (s, 3H) 1.27 (d, J=6.8, 3H).
HRMS: m/z caled for C14H17N404+ [M+H]: 305.1251.
found: 305.1251.

47. N-(3-ethoxypropyl)-5,6-dihydroxy-2-(pyridin-2-
yDpyrimidine-4-carboxamide

/N

OH
OH
N
I & o
AN \N S~ NN
O
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.83 (s, 1H),
11.15 (s, 1H), 8.66 (dd, J=15.0, 14.1, 1H), 8.30 (m, 1H), 8.20
(s, 1H), 7.95-7.79 (m, 1H), 7.47 (ddd, J=7.6, 4.9, 1.0, 1H),
3.67-3.49 (m, 6H), 2.04-1.89 (m, 2H), 1.33-1.18 (m, 3H).
HRMS: m/z caled for C15SH19N40O4+ [M+H]: 319.1407.
found: 319.1404.

48. 5,6-dihydroxy-N-propyl-2-(pyridin-2-yl)pyrimi-
dine-4-carboxamide

OH

/N

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.65 (s, 1H),
11.06 (s, 1H), 8.55 (ddd, J=4.8, 1.6, 0.9, 1H), 8.19 (dt, J=8.0,
1.0,1H),7.81 (td, J=7.8, 1.7, 1H), 7.64 (s, 1H), 7.45-7.32 (m,
1H), 3.45-3.29 (m, 2H), 1.74-1.55 (m, 2H), 0.95 (t, J=7.4,
3H). HRMS: m/z caled for C13H15N403+ [M+H]:
275.1145. found: 275.1139.

49. N-(cyclopropylmethyl)-5,6-dihydroxy-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
N ~Z OH
> | §\/A
A N
| z N O

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.7%. '"H NMR (400 MHz, CDCl,) 8 12.65 (s, 1H),
11.08 (s, 1H), 8.67-8.47 (m, 1H), 8.34-8.13 (m, 1H), 7.83
(ddd, J=8.1, 1.6, 0.8, 1H), 7.71 (s, 1H), 7.49-7.30 (m, 1H),
3.36-3.21 (m, 2H), 1.16-0.93 (m, 1H), 0.67-0.42 (m, 2H),
0.29 (dq, J=104, 5.1, 2H). HRMS: m/z caled for
C14H15N403+ [M+H]: 287.1145. found: 287.1147.

50. Ethyl 3-(5,6-dihydroxy-2-(pyridin-2-yl)pyrimi-
dine-4-carboxamido)butanoate

oH
on
N =
|«
™
N N W/\COZEt
N 0
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.52 (s, 1H),
11.05 (s, 1H), 8.64-8.50 (m, 1H), 8.42 (d, J=8.3, 1H), 8.36-
8.20 (m, 1H), 7.84 (td, J=7.8, 1.7, 1H), 7.47-7.31 (m, 1H),
4.45(ddd, =14.1,6.9,5.1, 1H), 4.29-4.04 (m, 2H), 2.71-2.50
(m, 2H), 1.33 (d, J=6.8, 3H), 1.22 (1, J=7.1, 3H). HRMS: nv/z
caled for C16H19N405+ [M+H]: 347.1356. found:
347.1357.

51. N-cyclobutyl-5,6-dihydroxy-2-(pyridin-2-yl)
pyrimidine-4-carboxamide

OH
N/ OH
P
X N U
| !

=N

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) & 12.92 (s, 1H),
11.82 (s, 1H), 8.61 (m, 2H), 7.94-7.86 (m, 1H), 4.42 (dd,
J=16.8, 8.5, 1H), 2.31-2.15 (m, 4H), 1.76-1.62 (m, 2H).
HRMS: m/z caled for C14H15N40O3+ [M+H]: 287.1145.
found: 287.1139.

52. N-(2,2-diethoxyethyl)-5,6-dihydroxy-2-(pyridin-
2-yl)pyrimidine-4-carboxamide

oH
oH
NZ OFt
| r L
x>
| IS N OFt
N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.54 (s, 1H),
11.17 (s, 1H), 8.76-8.59 (m, 1H), 8.30 (d, J=8.0, 1H), 8.12-
7.83 (m, 2H), 7.61-7.40 (m, 1H), 4.67 (t, J=5.3, 1H), 3.91-
3.73 (m, 2H), 3.73-3.53 (m, 4H), 1.38-1.15 (m, 6H). HRMS:
m/z caled for C16H2IN,O5+ [M+H]: 349.1513. found:
349.1522.

53. 5,6-dihydroxy-N-(3-isopropdxypropyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.76 (s, 1H),
11.05 (s, 1H), 8.65-8.46 (m, 1H), 8.23 (dt, I=8.0, 1.0, 1H),
8.00 (s, 1H), 7.87-7.70 (m, 1H), 7.46-7.26 (m, 1H), 3.66-3.43
(m, 5H), 1.96-1.77 (m, 2H), 1.22-1.05 (m, 6H). HRMS: m/z
caled for C16H2IN404+ [M+H]: 333.1564. found:
333.1555.

54. 5,6-dihydroxy-N-isobutyl-2-(pyridin-2-yl)pyri-
midine-4-carboxamide

OH
A OH
X | §\)\
x N
| N )

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.65 (s, 1H),
11.08 (s, 1H), 8.57-8.54 (m, 1H), 8.19 (dd, J=7.9, 0.8, 1H),
7.82 (ddd, J=8.0, 1.7, 0.8, 1H), 7.71 (s, 1H), 7.41-7.36 (m,
1H), 3.25 (t, J=6.6, 2H), 1.89 (dp, J=13.4, 6.7, 1H), 0.96 (d,
J=6.7, 7TH). HRMS: m/z calcd for C14H17N403+ [M+H]:
289.1301. found: 289.1300.

55. 5,6-dihydroxy-N-(4-methoxybenzyl)-2-(pyridin-
2-yDpyrimidine-4-carboxamide

OH
OH OMe
N/
~ g
Y
=N 0O

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.52 (s, 1H),
11.11 (s, 1H), 8.53 (ddd, J=4.8, 1.6, 0.9, 1H), 8.17-8.13 (m,
1H), 7.86 (s, 1H), 7.77 (td, I=7.8, 1.7, 1H), 7.36 (ddd, J=7.6,
4.8,1.1,1H),7.27-7.21 (m, 2H), 6.87-6.82 (m, 2H), 4.54 (d,
J=6.1, 2H), 3.73 (d, I=7.6, 3H). HRMS: m/z calcd for
C18H17N404+ [M+H]: 353.1251. found: 353.1246.

56. N-butyl-4,6-dihydroxy-2-(pyridin-2-yD)pyrimi-
dine-4-carboxamide

OH
OH
=
N
\ N
= N (6]
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.67 (s, 1H),
11.07 (s, 1H), 8.56 (dd, J=4.8, 0.9, 1H), 8.21 (d, J=8.0, 1H),
7.82 (td, J=7.8, 1.6, 1H), 7.63 (s, 1H), 7.41-7.36 (m, 1H),
3.45-3.38 (m, 2H), 1.64-1.46 (m, 2H), 1.44-1.33 (m, 2H),
0.93 (t, I=7.3, 3H). HRMS: m/z caled for C14H17N4034+
[M+H]: 289.1301. found: 289.1299.

57. N-benzyl-5,6-dihydroxy-2-(pyridin-2-yl)pyrimi-
dine-4-carboxamide

OH
OH
N/
g
Y
/N [@]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,)  12.47 (s, 1H),
11.12 (s, 1H), 8.57-8.53 (m, 1H), 8.16 (dd, J=8.0, 1.0, 1H),
7.93 (s, 1H),7.78 (1d, J=7.8, 1.7, 1H), 7.34-7.30 (m, 6H), 4.62
(d, J=6.2,2H). HRMS: m/z caled for C17H15N403+ [M+H]:
323.1145. found: 323.1143.

58. N-cyclopentyl-5,6-dihydroxy-2-(pyridin-2-yl)
pyrimidine-4-carboxamide

OH
N/ OH
Mk
x N
(T T D

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.59 (s, 1H),
11.84-11.00 (s, 1H), 8.65 (d, J=3.8, 1H), 8.28 (d, J=7.8, 1H),
8.00-7.87 (m, 1H), 7.62 (s, 1H), 7.48 (dd, J=7.5, 4.7, 1H),
4.40 (dd, J=14.1, 7.1, 1H), 2.25-2.07 (m, 2H), 1.90-1.54 (m,
6H). HRMS: m/z caled for C15H17N403+ [M+H]:
301.1301. found: 301.1301.

59. N-(4-fluorobenzyl)-5,6-dihydroxy-2-(pyridin-2-
yDpyrimidine-4-carboxamide

OH
OH F
N
N
A
AN N
(@]
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.2%. 'H NMR (400 MHz, CDCl,) 8 12.44 (s, 1H),
11.10 (s, 1H), 8.53 (ddd, J=4.8, 1.6, 0.9, 1H), 8.15 (dt, J=8.0,
1.0, 1H), 7.91 (s, 1H), 7.77 (td, J=7.8, 1.7, 1H), 7.36 (ddd,
J=7.6, 438, 1.1, 1H), 7.30-7.25 (m, 2H), 7.02-6.96 (m, 2H),
4.54 (dd, J=17.2, 6.0, 2H). HRMS: m/z caled for
C17H14FN403+ [M+H]: 341.1051. found: 341.1049.

60. 5,6-dihydroxy-N-isopentyl-2-(pyridin-2-yl)pyri-
midine-4-carboxamide

OH
N/ OH
P
AN N \/\r
| )

/N

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,)  12.76 (s, 1H),
11.18 (s, 1H), 8.65 (d, J=3.1, 1H), 8.30 (d, J=7.9, 1H), 7.92
(td, I=7.8, 1.7, 1H), 7.70 (s, 1H), 7.51-7.44 (m, 1H), 3.53 (dt,
J=12.3, 4.9, 2H), 1.75 (dt, I=13.2, 6.6, 1H), 1.71-1.57 (m,
2H), 1.02 (dd, J=6.6, 3.7, 6H). HRMS: m/z calcd for
C15H19N403+ [M+H]: 303.1458. found: 303.1449.

61. 5,6-dihydroxy-N-(2-methylbutyl)-2-(pyridin-2-
yDpyrimidine-4-carboxamide

OH
N Z OH
~ | §J\/
AN N
| z N O

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,)  12.76 (s, 1H),
11.17 (s, 1H), 8.65 (ddd, J=4.8, 1.6, 0.9, 1H), 8.28 (dt, ]=8.0,
1.0, 1H), 7.92 (td, J=7.8, 1.7, 1H), 7.78 (s, 1H), 7.48 (ddd,
J=7.6, 4.8, 1.1, 1H), 3.45 (dt, J=12.5, 6.2, 1H), 3.33 (dt,
J=13.5,6.8,1H),1.76 (1t,J=13.2, 6.8, 1H), 1.58-1.46 (m, 1H),
1.28 (ddd, J=22.4,14.9, 7.5, 1H), 1.06-0.97 (m, 6H). HRMS:
m/z caled for C153H19N403+ [M+H]: 303.1458. found:
303.1459.

62. N-cyclohexyl-5,6-dihydroxy-2-(pyridin-2-yl)
pyrimidine-4-carboxamide

OH
N Z OH
~ {
AN N
P N (@]
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.58 (s, 1H),
11.55-10.72 (m, 1H), 8.56 (dd, J=4.8, 0.9, 1H), 8.19 (dd,
J=8.0,0.9, 1H), 7.83 (td, J=7.8, 1.7, 1H), 7.49 (d, J=8.3, 1H),
7.39(ddd, 1=7.6,4.8,1.1, 1H),3.89 (tt, J=14.3,7.1, 1H), 1.97
(d, J=12.2, 2H), 1.78-1.68 (m, 2H), 1.67-1.46 (m, 2H), 1.46-
1.15 (m, 4H). HRMS: m/z caled for C16H19N40O3+ [M+H]:
315.1458. found: 315.1453.

63. 5,6-dihydroxy-2-(pyridin-2-y1)-N-(3-(trifluorom-
ethyl)benzyl)pyrimidine-4-carboxamide

oH CF;
OH
N/
g
™
e
=N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.48 (s, 1H),
11.20(s, 1H), 8.65 (d,J=4.8, 1H), 8.28 (d,J=7.9, 1H), 8.11 (s,
1H), 7.89 (d,J=7.8, 1.6, 1H), 7.68-7.50 (m, 5H), 7.5-7.45 (m,
1H), 4.77 (d, J=6.3, 2H). HRMS: m/z calcd for
C18H13F3N403+ [M+H]: 391.1019. found: 391.1008.

64. 5,6-dihydroxy-2-(pyridin-2-yl)-N-(4-(trifluorom-
ethyl)benzyl)pyrimidine-4-carboxamide

OH
A OH CF;
) "
| /N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.52 (s, 1H),
11.25 (s, 1H), 8.66 (s, 1H), 8.28 (m, 1H), 8.10 (s, 1H), 7.89
(m, 1H), 7.67 (m, 2H), 7.54 (m, 2H), 7.50-7.42 (m, 1H), 4.78
(d, J=5.6, 2H). HRMS: m/z calcd for C18H14F3N403+
[M+H]: 391.1019. found: 391.1020.

65. N-(3,3-dimethylbutyl)-5,6-dihydroxy-2-(pyridin-
2-yl)pyrimidine-4-carboxamide

OH
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.75 (s, 1H),
11.17 (s, 1H), 8.67-8.63 (m, 1H), 8.30 (dd, J=8.0, 0.9, 1H),
7.91 (td, J=7.8, 1.7, 1H), 7.67 (s, 1H), 7.51-7.44 (m, 1H),
3.57-3.47 (m, 2H), 1.68-1.55 (m, 2H), 1.04 (d, J=2.0, 9H).
HRMS: m/z caled for C16H2IN4O3+ [M+H]: 317.1614.
found: 317.1614.

66. 5,6-dihydroxy-N-(4-methylpentan-2-yl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH

N/ OH

Mk
YT
|/N [@]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.85 (s, 1H),
11.17 (s, 1H), 8.67-8.63 (m, 1H), 8.29 (dd, J=8.0, 0.9, 1H),
7.93 (td, J=7.8, 1.7, 1H), 7.51-7.43 (m, 2H), 4.36-4.20 (m,
1H), 1.78-1.51 (m, 2H), 1.45 (ddd, J=13.8,7.8, 6.2, 1H), 1.32
(d,J=6.5,3H),1.00(dd, J=6.5,4.7, 6H). HRMS: m/z caled for
C16H21N403+ [M+H]: 317.1614. found: 317.1612.

67. 5,6-dihydroxy-N-(2-methylcyclohexyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
N/ OH
NNy "
| /N O

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.73 (s, 1H),
11.30 (s, 1H), 8.66 (d, J=3.1, 1H), 8.30 (dd, J=7.9, 0.9, 1H),
7.93 (d,J=7.8,1.7,1H),7.51-7.45 (m, 1H), 3.67 (dd, J=20.5,
10.7, 1H), 2.09 (d, J=12.8, 1H), 1.91-1.50 (m, 8H), 1.08-0.94
(m, 3H). HRMS: m/z caled for C17H21N403+ [M+H]:
329.1614. found: 329.1617.

68. N-(3,4-dichlorobenzyl)-5,6-dihydroxy-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH cl
F OH cl

x \N "

N 0
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.33 (s, 1H),
11.11 (s, 1H), 8.55 (s, 1H), 8.18 (d, I=7.9, 1H), 7.96 (s, 1H),
7.80 (s, 1H), 7.43-7.34 (m, 4H), 7.30 (s, 1H), 4.57 (m, 2H).
HRMS: m/z caled for C17H14CI2N40O3+ [M+H]: 391.0365.
found: 391.0369.

69. N-(heptan-2-y1)-5,6-dihydroxy-2-(pyridin-2-y1)
pyrimidine-4-carboxamide

OH
N/ OH
P
AN N va
| /N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.75 (s, 1H),
11.09 (s, 1H), 8.58-8.53 (m, 1H), 8.20 (dd, J=8.0, 0.9, 1H),
7.83 (td, J=7.8, 1.7, 1H), 7.39 (ddd, J=7.5, 4.8, 1.1, 2H),
4.17-3.98 (m, 1H), 1.58 1.49 (m, 3H), 1.30-1.20 (m, 8H), 0.83
(dd, J=8.8, 5.3, 3H). HRMS: m/z calcd for C17H23N403+
[M+H]: 331.1771. found: 331.1775.

70. N-(2-ethylhexyl)-5,6-dihydroxy-2-(pyridine-2-
yDpyrimidine-4-carboxamide

OH
N/ OH
. k
Y
/N [@]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.59 (s, 1H),
11.55-11.03 (m, 1H), 8.56 (d, J=4.8, 1H), 8.17 (d, J=8.0, 1H),
7.82 (td, J=7.8, 1.7, 1H), 7.65 (s, 1H), 7.39 (ddd, J=7.6, 4.8,
1.0, 1H), 3.36 (t, I=6.3, 2H), 1.55 (dd, J=12.3, 6.2, 2H),
1.41-1.23 (m, 8H), 0.88 (dt, J=13.5, 7.2, 6H). HRMS: m/z
caled for CI18H25N403+ [M+H]: 345.1927. found:
345.1927.

71. 5,6-dihydroxy-N-(2-hydroxyethyl)-2-(pyridin-2-
yDpyrimidine-4-carboxamide

OH
OH
—
N
o e~
AN N OH
N 0
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) & 12.91-12.34
(m, 1H), 11.52-11.09 (m, 1H), 8.58 (d, J=4.8, 1H), 8.36 (d,
J=8.0, 1H), 8.30 (s, 1H), 7.83 (td, J=7.8, 1.7, 1H), 7.43-7.38
(m, 1H), 3.72 (t, J=5.1, 2H), 3.54 (dd, J=11.0, 5.4, 2H).
HRMS: m/z caled for C12H13N404+ [M+H]: 277.0938.
found: 277.0944.

72. 5,6-dihydroxy-N-(2-hydroxybutyl)-2-(pyridin-2-
yDpyrimidine-4-carboxamide

OH
OH
N
N
™
| AN N OH
N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) & 12.93-12.60
(brs, 1H), 11.73-11.49 (br s, 1H), 8.61 (d, I=4.4, 1H), 8.51-
8.4 m, 2H), 7.86 (1, J=6.9, 1H), 7.43 (dd, J=7.2, 5.3, 1H),
3.66-3.48 (m, 2H), 3.24 (dd, J=13.5, 5.5, 1H), 1.46 (dt,
J=13.8, 6.0, 2H), 0.98-0.85 (m, 3H). HRMS: my/z calcd for
C14H17N404+ [M+H]: 305.1251. found: 305.1246.

73. 5,6-dihydroxy-2-(pyridin-2-yl)pyrimidin-4-yl)
(piperidin-1-yl)methanone

OH
7 OH
|
AN \N N )
| N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.2%. "H NMR (400 MHz, CDCl,) 8 11.13 (s, 1H),
8.60 (d, J=3.8, 1H), 8.20 (d, J=7.2, 1H), 7.84 (m, 1H), 7.41
(m, 4.7, 1H), 3.86 (s, 4H), 1.8-1.5 (m, 6H). HRMS: m/z caled
for C15H17N403+ [M+H]: 301.1301. found: 301.1299.

74. 5,6-dihydroxy-N-(4-hydroxyphenethyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
N/ OH
. S
Y
/N [@]

OH

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.48 (s, 1H),
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11.02 (s, 1H), 8.54 (d, I=4.9, 1H), 7.98 (d, ]=8.0, 1H), 7.82 (t.
J=7.8, 1H), 7.63 (m, 1H), 7.39-7.35 (m, 1H), 7.10 (d, J=8.3,
2H), 6.78 (d, 1=8.4, 2H), 3.63 (dd, J=13.1, 6.6, 2H), 2.84 (t,
J=6.8, 2H). HRMS: m/z calcd for C18H17N404+ [M+H]:
353.1251. found: 353.1252.

75. N-(furan-2-ylmethyl)-5,6-dihydroxy-2-(pyridin-
2-yl)pyrimidine-4-carboxamide

OH
NZ ot 0™\
N | X =~
| N )

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.50 (s, 1H),
11.18(s, 1H), 8.70-8.61 (m, 1H), 8.30 (d, J=8.0, 1H), 8.00 (m,
1H), 7.91 (td, J=7.8, 1.7, 1H), 7.51-7.44 (m, 2H), 6.40 (dt,
J=8.0, 2.5, 2H), 4.70 (d, J=6.0, 2H). HRMS: mv/z calcd for
C15H13N404+ [M+H]: 313.0938. found: 313.0946.

76. N-(3,4-dimethoxybenzyl)-5,6-dihydroxy-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
P OH OMe
AN \N " OMe

| PA 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.57 (s, 1H),
11.11 (s, 1H), 8.54 (s, 1H), 8.15 (m, 1H), 7.9-7.70 (m, 2H),
7.4-73 (m, 1H), 6.84 (m, 3H), 4.54 (s, 2H), 3.82 (s, 6H).
HRMS: m/z caled for C19H19N40O5+ [M+H]: 383.1356.
found: 383.1352.

77. N-(benzyloxy)-5,6-dihydroxy-2-(pyridin-2-yl)
pyrimidine-4-carboxamide

OH
OH
NZ
N
™
| AN N ~o
A 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl, and DMSO-d6) &
12.09 (m, 2H), 11.67 (s, 1H), 8.51 (d, J=7.8, 1H), 8.44 (d,
J=4.1,1H),7.70 (dd, J=7.8, 1.7, 1H), 7.28 (m, 3H), 7.21-7.13
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(m, 3H), 4.82 (s, 2H). HRMS: m/z calcd for C17H15N404+
[M+H]: 339.1094. found: 339.1093.

78. 5,6-dihydroxy-2-(pyridin-2-y1)-N-(thiophen-3-
ylmethyl)pyrimidine-4-carboxamide

OH
NZ ot ==
| 5
NN N =~
| N o)

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.52 (s, 1H),
11.09 (s, 1H), 8.55 (d, I=4.8, 1H), 8.18 (d, J=7.9, 1H), 7.90
(m, 1H), 7.79 (td, J=7.7, 1.5, 1H), 7.37 (dd, J=7.5, 4.8, 1H),
7.30 (dd, =5.0, 3.0, 1H), 7.2 (m, 1H), 7.06 (dd, J=5.0, 1.0,
1H), 4.62 (d, J=6.2, 2H). HRMS: m/z caled for
C15H13N403S+ [M+H]: 329.0709. found: 329.0710.

79. 5,6-dihydroxy-N-(4-methoxyphenyl)-2-(pyridin-
2-yDpyrimidine-4-carboxamide

OH
OH
N/
k
Y
/N [@]

OMe

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 96.8%. 'H NMR (400 MHz, CDCl,) 8 12.41 (s, 1H),
11.13 (s, 1H),9.32 (s, 1H), 8.59 (d, J=4.8, 1H), 8.28 (d, J=7.9,
1H), 7.87 (td, I=7.8, 1.6, 1H), 7.56 (d, J=9.0, 2H), 7.45-7.39
(m, 1H), 6.90 (d, J=9.0, 2H), 3.77 (s, 3H). HRMS: m/z caled
for C17H15N404+ [M+H]: 339.1094. found: 339.1098.

80. Methyl 3-(5,6-dihydroxy-2-(pyridin-2-yl)pyrimi-
dine-4-carboxamido)benzoate

oH
P oH
N \N N CO>Me
| N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 86.7%. "H NMR (400 MHz, CDCl,) 8 12.27 (s, 1H),
11.26 (s, 1H),9.63 (s, 1H), 8.70 (d, J=4.8, 1H), 8.42 (d, J=8.1,
1H), 8.24 (s, 1H), 8.18 (d, J=8.1, 1H), 8.00 (m, 1H), 7.93 (d,
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J=7.8, 1H), 7.59-7.50 (m, 2H), 4.00 (s, 3H). HRMS: m/z
caled for CI18H15N405+ [M+H]: 367.1043. found:
367.1038.

81. 5,6-dihydroxy-N-phenyl-2-(pyridin-2-yl)pyrimi-
dine-4-carboxamide

OH
OH
N/
S
Y
/N [@]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 97.9%. 'H NMR (400 MHz, CDCl,) 8 12.33 (s, 1H),
11.14 (s, 1H),9.42 (s, 1H), 8.59 (d, J=4.8, 1H), 8.28 (d, J=7.9,
1H), 7.87 (td, J=7.8, 1.7, 1H), 7.67-7.62 (m, 2H), 7.42 (ddd,
J=7.6,4.8,1.1,1H),7.43 (m, 1H), 7.37 (t,J=8.0,2H), 7.16 (m,
1H). HRMS: m/z caled for C16H13N403+ [M+H]:
309.0988. found: 309.0984.

82. N-(2-(1H-indol-3-yl)ethyl)-5,6-dihydroxy-2-
(pyridin-2-yl)pyrimidine-4-carboxamide

OH HN
N/ OH \
. k
Y
/N [@]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.71 (s, 1H),
11.11 (s, 1H), 8.60 (d, J=4.8, 1H), 8.17 (s, 1H), 7.84-7.69 (m,
4H), 7.49-7.41 (m, 2H), 7.24 (m, 1H), 7.16 (dd, J=13.4, 5.3,
2H), 3.85 (m, 2H), 3.18 (t, I=6.7, 2H). HRMS: m/z calcd for
C20H18N503+ [M+H]: 376.1410. found: 376.1419.

83. 5,6-dihydroxy-N-(4-methoxy-2-methylphenyl)-
2-(pyridin-2-yl)pyrimidine-4-carboxamide

OH
N \ OH
| P 1
AN N
| = N o]

OMe

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 96%. 'H NMR (400 MHz, CDCl,) 8 12.49 (s, 1H),
11.22 (s, 1H), 9.43 (s, 1H), 8.69 (d, J=4.2, 1H), 8.30 (d, J=7.9,
1H), 7.94 (m, 2H), 7.51 (ddd, J=7.6, 4.8, 1.1, 1H), 6.87 (dd,

80
J=5.1, 2.8, 2H), 3.88-3.83 (s, 3H), 2.44 (s, 3H). HRMS: m/z
caled for C18H16N404+ [M+H]: 353.1251. found:
353.1254.

5 84. 5,6-dihydroxy-2-(pyridin-2-y1)-N-(2-(thiophen-
2-ylethyl)pyrimidine-4-carboxamide

10 OH
oH
N X
| g
P
15 | \ N =
D ! Y,

Prepared according to Protocol A. Avg. Purity (TWC &
20 ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.50 (s, 1H),
11.16 (s, 1H), 8.65 (dd, J=4.8, 0.9, 1H), 8.17 (d, J=8.0, 1H),
7.89 (m, 2H), 7.48 (ddd, 1=7.6, 4.8, 1.1, 1H), 7.25 (m, 1H),
7.04 (dd, J=5.1,3.4, 1H), 6.98 (d, J=3.4, 1H), 3.79 (q, ]=6.5,
2H), 3.23 (t, J=6.6, 2H). HRMS: m/z caled for
C16H15N403S+ [M+H]: 343.0866. found: 343.0858.

25

85. N-(2,4-dimethoxybenzyl)-5,6-dihydroxy-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

30

OH
OH OMe
35 N
| i
P
ek
= N OMe

40

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.8%. "H NMR (400 MHz, CDCl,) 8 12.77 (s, 1H),
11.15 (s, 1H), 8.68-8.61 (m, 1H), 8.29-8.22 (m, 1H), 8.17 (m,
1H), 7.89 (1d, =7.8, 1.7, 1H), 7.46 (ddd, I=7.6, 4.8, 1.1, 1H),
7.25 (m, 1H), 6.56-6.46 (m, 2H), 4.62 (d, J=6.2, 2H), 3.94 (s,
3H), 3.84 (s, 3H). HRMS: m/z calcd for C19H18N4O5+
[M+H]: 383.1356. found: 383.1350.

45

86. 5,6-dihydroxy-N-(3-methoxyphenethyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

5 OH
OH
IS
| > N OMe
AN N
60 |
N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.50 (s, 1H),
11.17 (s, 1H), 8.64 (dd, J=4.8, 0.9, 1H), 8.10 (dd, J=7.9, 0.9,
1H), 7.89 (td,J=7.8,1.6,1H),7.78 (s, 1H), 7.51-7.43 (m, 1H),

o
o
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732 (dd, I=11.7, 4.4, 1H), 6.93-6.83 (m, 3H), 3.82 (s, 3H),
3.77 (q, I=6.6, 2H), 2.98 (1, J=6.8, 2H). HRMS: m/z calcd for
C19H19N404+ [M+H]: 367.1407. found: 367.1409.

87. 5,6-dihydroxy-2-(pyridin-2-y1)-N-O-tolylpyrimi-
dine-4-carboxamide

OH
N \ OH
| P 1
X N
| = N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 97.1%. 'HNMR (400 MHz, CDCl,) 8 12.41 (s, 1H),
11.23 (s, 1H), 9.63 (s, 1H), 8.69 (d, J=4.8, 1H), 8.30 (d, J=7.9,
1H), 8.15 (d, JI=8.0, 1H), 7.96 (td, J=7.6, 1.1, 1H), 7.52 (dd,
J=7.5,4.9,1H),7.33 (m, 2H), 7.20 (t,J=7.5, 1H), 2.50 (s, 3H).
HRMS: m/z caled for C17H15N403+ [M+H]: 323.1145.
found: 323.1143.

88. 5,6-dihydroxy-N-phenethyl-2-(pyridin-2-yl)pyri-
midine-4-carboxamide

OH
N \ OH
AN | NG "
| /N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. "H NMR (400 MHz, CDCI,) 8 12.37 (s, OH),
11.69-10.96 (brs, 1H), 8.66-8.62 (m, 1H), 8.10-8.07 (m, 1H),
7.88 (td, J=7.8, 1.6, 1H), 7.77 (s, 1H), 7.47 (ddd, J=7.5, 4.8,
1.1,1H), 7.40 (dd,J=8.3, 6.8, 2H), 7.33 (t,]=6.7, 2H),3.78 (q,
J=6.7, 2H), 3.12-2.87 (m, 2H). HRMS: m/z calcd for
C18H17N403+ [M+H]: 337.1301. found: 337.1288.

89. 5,6-dihydroxy-N-(1-phenylethyl)-2-(pyridin-2-
yDpyrimidine-4-carboxamide

OH
N o
| H
AN N/ "
| N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.62 (s, 1H),
11.19 (s, 1H), 8.65 (dd, J=4.8, 0.9, 1H), 8.27 (d, J=7.9, 1H),
7.91 (1d, J=7.8, 1.7, 2H), 7.50-7.39 (m, 5H), 7.36 (qd, J=5.5,
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2.8, 1H), 5.33 (dq, J=13.9, 6.9, 1H), 1.71 (d, J=6.9, 3H).
HRMS: m/z caled for C18H17N403+ [M+H]: 337.1301.
found: 337.1295.

90. 5,6-dihydroxy-N-(2-morpholinophenyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 89.7%. '"H NMR (400 MHz, CDCl,) 8 12.65 (s, 1H),
11.21 (s, 1H), 10.73 (s, 1H), 8.74-8.69 (m, 1H), 8.61 (d, J=7.9,
1H), 8.52-8.47 (m, 1H), 7.98 (td, J=7.8, 1.7, 1H), 7.54 (ddd,
J=7.6, 48, 1.1, 1H), 7.35-7.2 (m, 4H), 4.06-3.93 (m, 4H),
3.09-2.92 (m, 4H). HRMS: m/z caled for C20H20NS504+
[M+H]: 394.1516. found: 394.1519.

91. 5,6-dihydroxy-N-(2-methoxyphenethyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
N ot OMe

N lN/ "

|/N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl) 8 12.74-12.38
(m, 1H), 11.26-10.84 (m, 1H), 8.55 (d, J=4.8, 1H), 8.06 (d,
J=8.0, 1H), 7.79 (td, J=7.6, 1.4, 1H), 7.69 (s, 1H), 7.41-7.35
(m, 1H), 7.25-7.1 (m, 2H), 6.84 (tt, J=14.7,7.5, 2H), 3.78 (d,
J=4.3, 3H), 3.69-3.61 (m, 2H), 2.92 (t, J=6.8, 2H), 1.50 (s,
4H). HRMS: m/z caled for C19H19N404+ [M+H]:
367.1407. found: 367.1412.

92. Methyl 4-(5,6-dihydroxy-2-(pyridin-2-yl)pyrimi-
dine-4-carboxamido)benzoate

OH
N \ OH
AN | NG A
| /N o]

CO,Me

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 93.9%. '"H NMR (400 MHz, CDCl,) 8 12.11 (s, 1H),
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11.16 (s, 1H), 9.58 (s, 1H), 8.60 (d, J=4.8, 111), 8.28 (d, I=7.9,
1H), 8.07-8.03 (m, 2H), 7.89 (td, J=7.8, 1.6, 1H), 7.74 (d.
J=8.7, 2H), 7.47-7.42 (m, 1H), 433 (q, J=7.1, 2H), 1.35 (1,
J=7.1, 3H). HRMS: m/z caled for C19H17N405+ [M+H]:
381.1200. found: 381.1201.

93. 5,6-dihydroxy-N-(2-methoxyphenyl)-2-(pyridin-
2-yl)pyrimidine-4-carboxamide

on
on
N X OMe
| _ i
D
N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 97.9%. '"H NMR (400 MHz, CDCl,) 8 12.34 (s, 1H),
11.10 (s, 1H), 10.20 (s, 1H), 8.62-8.57 (m, 1H), 8.38 (dd,
J=8.0, 1.6, 1H), 8.31-8.25 (m, 1H), 7.87 (td, J=7.8, 1.7, 1H),
7.45-7.39 (m, 1H), 7.14-7.06 (m, 1H), 7.02-6.96 (m, 1H),
6.92 (dd, J=8.1, 1.2, 1H), 3.96 (s, 3H). HRMS: m/z calcd for
C17H15N,04+ [M+H]: 339.1094. found: 339.1088.

94. 5,6-dihydroxy-2-(pyridin-2-y1)-N-p-tolylpyrimi-
dine-4-carboxamide

OH
N \ OH
AN | NG "
| /N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.50 (s, 1H),
11.23 (s, 1H), 9.46 (s, 1H), 8.71-8.63 (m, 1H), 8.37 (dd, J=7.9,
0.9, 1H), 7.96 (t, J=7.8, 1H), 7.62 (d, J=8.3, 2H), 7.52 (dt,
J=6.0,4.7, 1H), 7.23 (m, 2H), 2.40 (s, 3H). HRMS: m/z caled
for C17H15N403+ [M+H]: 323.1145. found: 323.1141.

95. 5,6-dihydroxy-2-(pyridin-2-y1)-N-M-tolylpyrimi-
dine-4-carboxamide

OH
N \ OH
AN | NG A
| /N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.36 (s, 1H),
11.13 (s, 1H), 9.38 (s, 1H), 8.59 (dd, J=4.8, 0.9, 1H), 8.28 (d,
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J=7.9, 1H), 7.87 (td, J=7.8, 1.7, 1H), 7.51-7.39 (m, 2H), 7.24
(t, J=7.8, 1H), 6.98 (d, J=7.5, 1H), 2.35 (s, 3H). HRMS: m/z
caled for C17H15N403+ [M+H]: 323.1145. found:
323.1140.

96. 5,6-dihydroxy-N-(2-phenylpropyl)-2-(pyridin-2-
yDpyrimidine-4-carboxamide

10

OH
N \ OH
s - | At
| = N (@]

20
Prepared according to Protocol A. Avg. Purity (TWC &

ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.41 (s, 1H),
11.00 (s, 1H), 8.53 (ddd, J=4.8, 1.6, 1.0, 1H), 7.82-7.72 (m,
2H), 7.52 (s, 1H), 7.4-7.3 (m, 3H), 7.26 (m, 3H), 3.79 (ddd,
J=13.2,7.5,5.8, 1H), 3.37 (dd, J=9.0, 4.3, 1H), 3.06-2.98 (m,
1H), 133 (d, J=7.0, 3H). HRMS: m/z caled for
C19H19N403+ [M+H]: 351.1458. found: 351.1462.

25

97. 5,6-dihydroxy-N-(3-methyl-5-(triftuoromethyl)

30 benzyl)-2-(pyridin-2-yl)pyrimidine-4-carboxamide

OH
35
OH
N X
o
| AN N CF;
40
N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,)  12.35 (s, 1H),
11.22 (s, 1H), 8.66 (d, J=4.8, 1H), 8.29 (d, J=8.0, 1H), 8.14 (s,
1H), 7.90 (td, J=7.8, 1.6, 1H), 7.51-7.44 (m, 2H), 7.33 (m,
2H), 4.76 (d, I=6.5, 2H). HRMS: m/z caled for
C18H13F4N403+ [M+H]: 409.0925. found: 409.0922.

45

50
98. 5,6-dihydroxy-2-(pyridin-2-y1)-N-(3-(trifluorom-

ethyl)phenyl)pyrimidine-4-carboxamide

55

on
SN on
o N | . P N CF;
| N o}

65  Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 88.6%. 'H NMR (400 MHz, CDCl,) 8 12.19 (s, 1H),

11.47-11.12 (m, 1H), 9.64 (s, 1H), 8.71 (s, 1H), 8.40 (d, I=5.9,
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1H), 8.00 (m, 3H), 7.64-7.49 (m, 3H). HRMS: m/z calcd for
C17H1F3N403+ [M+H]: 377.0862. found: 377.0855.

99. N-(cyclohexylmethyl)-5,6-dihydroxy-2-(pyridin-

2-yl)pyrimidine-4-carboxamide 5
OH
Ol 10
N7
| {
S
N o 15

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. "H NMR (400 MHz, CDCl,) d 12.79 (s, 1H),
11.44-11.04 (m, 1H), 8.66 (dd, J=4.8, 0.9, 1H), 8.30 (dd, >
J=8.0,0.9, 1H), 7.93 (td, I=7.8, 1.6, 1H), 7.79 (s, 1H), 7.51-
7.46 (m, 1H), 3.36 (t, I=6.6, 2H), 1.82 (m, 4H), 1.75-1.54 (m,
2H), 1.37-1.18 (m,3H), 1.11-1.02 (m, 2H). HRMS: m/z calcd
for C17H21N403+ [M+H]: 329.1614. found: 329.1612. ’s

100. N-(3,5-dimethylphenyl)-5,6-dihydroxy-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

30

oH
N o
§ | . P § 35
| N 0

40

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.49 (s, 1H),
11.23 (s, 1H), 9.44 (s, 1H), 8.69 (m, 1H), 8.38 (d, J=7.9, 1H),
7.97 (m, 1H), 7.53 (m, 1H), 7.37 (s, 2H), 6.90 (s, 1H), 2.40 (s,
6H). HRMS: m/z caled for C18H17N403+ [M+H]:
337.1301. found: 337.1292.

45

101. N-benzhydryl-5,6-dihydroxy-2-(pyridin-2-yl)
pyrimidine-4-carboxamide

50

OH

N \ OH
- SN
: he
| /N [@] Ph

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.5%. '"H NMR (400 MHz, CDCl,) 8 12.49 (s, 1H),
11.21 (s, 1H), 8.65 (ddd, J=4.8, 1.6, 0.9, 1H), 8.32 (d, ]=8.4,
1H), 8.23 (dt, J=7.9, 1.0, 1H), 7.89 (td, J=7.8, 1.7, 1H),

55

[
<

o
o
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7.44-7.4 (m, 5H), 7.39-7.34 (m, 6H), 6.43 (d, J=8.4, 1H).
HRMS: m/z caled for C23H19N403+ [M+H]: 399.1458.
found: 399.1465.

102. N-(2,3-dihydro-1H-inden-5-y1)-5,6-dihydroxy-
2-(pyridin-2-yl)pyrimidine-4-carboxamide

OH
N \ OH
AN | NG "
| /N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 99.4%. '"H NMR (400 MHz, CDCl,) 8 12.54 (s, 1H),
11.23 (s, 1H), 9.47 (s, 1H), 8.71-8.67 (m, 1H), 8.37 (d, J=7.9,
1H),7.96 (td,J=7.8,1.7,1H),7.67 (s, 1H), 7.56-7.49 (m, 1H),
7.42(dd, J=8.0,1.9, 1H), 2.94 (m, 4H), 2.13 (m, 2H). HRMS:
m/z caled for C19H17N403+ [M+H]: 349.1301. found:
349.1294.

103. N-(biphenyl-3-ylmethyl)-5,6-dihydroxy-2-(py-
ridin-2-yl)pyrimidine-4-carboxamide

OH

\OH

N

P O
X n
|/N 0 O

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 90.7%. 'H NMR (400 MHz, CDCl,) 8 12.64 (s, 1H),
11.19 (s, 1H), 8.64-8.61 (m, 1H), 8.29-8.24 (m, 1H), 8.10 (s,
1H), 7.86 (td, I=7.8, 1.7, 1H), 7.64-7.56 (m, 4H), 7.50-7.35
(m, 6H), 4.78 (d, J=6.2, 2H). HRMS: m/z caled for
C23H19N403+ [M+H]: 399.1458. found: 399.1454.

104. 5,6-dihydroxy-N-(4-phenoxyphenyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
N \ OH
@)l\ P §
T QO
/N [@] o

Prepared according to Protocol A. Avg. Purity (TWC &

ELSD): 98.6%. "H NMR (400 MHz, CDC1,) 8 12.31 (s, 1H),

11.12 (s, 1H), 9.37 (s, 1H), 8.58 (ddd, J=4.8, 1.6, 0.9, 1H),
8.26 (dt, J=8.0, 1.0, 1H), 7.85 (td, I=7.8, 1.7, 1H), 7.63-7.55
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(m, 2H), 7.45-7.38 (m, 1H), 7.32-7.23 (m, 2H), 7.09-6.88 (mm,
SH). HRMS: m/z caled for C22H17N404+ [M+H]:
401.1251. found: 401.1241.

105. N-(3,5-bis(trifluoromethyl)phenyl)-5,6-dihy-
droxy-2-(pyridin-2-yl)pyrimidine-4-carboxamide

OH
N\ OH
N | 7 N CF;
| N o

CF;3

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 99.0%. '"H NMR (400 MHz, CDCl,) 8 12.29 (s, 1H),
11.23 (s, 1H), 8.73-8.61 (m, 1H), 8.30 (d, J=8.0, 1H), 8.20 (m,
1H), 7.93-7.85 (m, 4H), 7.48 (ddd, 1=7.6, 4.8, 1.1, 1H), 4.83
(d, J=6.5, 2H). HRMS: m/z calcd for C19H13F6N4O3+
[M+H]: 459.0893. found: 459.0879.

106. N-(3-(benzyloxy)phenyl)-5,6-dihydroxy-2-(py-
ridin-2-yl)pyrimidine-4-carboxamide

OH
N\ OH
N | 7 N OBn
| N o}

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 97.8%. '"H NMR (400 MHz, CDCl,) 8 12.30 (s, 1H),
11.13 (s, 1H), 9.41 (s, 1H), 8.62-8.55 (m, 1H), 8.26 (d, J=7.9,
1H),7.87 (td,J=7.8,1.7, 1H),7.47-7.23 (m, 8H), 7.16 (s, 1H),
5.05 (s, 2H). HRMS: nv/z caled for C23H19N404+ [M+H]:
415.1407. found: 415.1412.

107. N-(2-(biphenyl-4-yl)ethyl)-5,6-dihydroxy-2-
(pyridin-2-yl)pyrimidine-4-carboxamide

|\
NFHA

ZIT
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) § 12.29-11.83
(m, 1H), 11.31-10.90 (m, 1H), 8.51 (d, J=4.8, 1H), 7.91 (d,
J=7.9, 1H), 7.67 (s, 1H), 7.54 (t, J=7.5, 4H), 7.47 (1d, J=7.8,
1.6, 1H), 7.39 (t, I=7.6, 2H), 7.34-7.27 (m, 4H), 3.72 (q,
J=6.7, 2H), 2.95 (1, J=6.8, 2H). HRMS: m/z caled for
C24H21N403+ [M+H]: 413.1614. found: 413.1620.

108. N-(4-benzylphenyl)-5,6-dihydroxy-2-(pyridin-
2-yDpyrimidine-4-carboxamide

OH

oH
N X

| ¢
AN N
| = N (6]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 96.6%. "H NMR (400 MHz, CDCl,) 8 12.35 (s, 1H),
11.13 (s, 1H),9.37 (s, 1H), 8.58 (d, J=4.3, 1H), 8.26 (d, J=7.9,
1H), 7.86 (td, J=7.8, 1.7, 1H), 7.55 (d, J=8.5, 2H), 7.41 (m,

1H), 7.25-7.1 (m, 7H), 3.93 (s, 2H). HRMS: m/z calcd for
C23H19N403+ [M+H]: 399.1458. found: 399.1458.

109. N-(3-tert-butylphenyl)-5,6-dihydroxy-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
N \ OH
AN | NG "
| /N o]

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.9%. 'H NMR (400 MHz, CDCl,) 8§ 12.51 (s, 1H),
11.25 (s, 1H),9.48 (s, 1H), 8.69 (d, J=4.8, 1H), 8.39 (d, J=7.9,
1H), 7.98 (td, J=7.8, 1.7, 1H), 7.73 (t, J=1.9, 1H), 7.60-7.49
(m, 2H), 7.39 (t, I=7.9, 1H), 7.27 (m, 1H), 1.39 (s, 9H).
HRMS: m/z caled for C20H2IN40O3+ [M+H]: 365.1614.
found: 365.1612.

110. N-(4-tert-butylphenyl)-5,6-dihydroxy-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH
N \ OH
AN | NS A
| /N o]
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.40 (s, 1H),
11.13 (s, 1H), 9.36 (s, 1H), 8.61-8.57 (m, 1H), 8.27 (d, J=7.9,
1H), 7.87 (td, I=7.8, 1.7, 1H), 7.57-7.51 (m, 2H), 7.45-7.34
(m, 3H), 1.31 (s, 9H). HRMS: m/z calcd for C20H21N403+
[M+H]: 365.1614. found: 365.1610.

111. 5,6-dihydroxy-N-(3-phenoxyphenyl)-2-(pyri-
din-2-yl)pyrimidine-4-carboxamide

OH

N\OH
\l/ g o
N
@ U@

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 94.9%. 'HNMR (400 MHz, CDCl,) 8 12.32 (s, 1H),
11.23 (s, 1H), 9.50 (s, 1H), 8.68 (ddd, J=4.8, 1.6, 0.9, 1H),
8.35 (dt, J=8.0, 1.0, 1H), 7.96 (td, J=7.8, 1.7, 1H), 7.55-7.45
(m, 3H), 7.44-7.36 (m, 3H), 7.22-7.15 (m, 1H), 7.12-7.07 (m,
2H), 6.89 (ddd, J=8.2, 2.3, 1.0, 1H). HRMS: m/z calcd for
C22H17N404+ [M+H]: 401.1251. found: 401.1251.

112. N-(2-(benzyloxy)phenyl)-5,6-dihydroxy-2-(py-
ridin-2-yl)pyrimidine-4-carboxamide

on
on
IS OBn
| _ i
D
N 0

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 99.4%. '"H NMR (400 MHz, CDCl,) 8 12.55 (s, 1H),
11.20(s, 1H), 10.28 (s, 1H), 8.58 (m, 2H), 7.69-7.33 (m, 9H),
7.23-7.05 (m, 3H), 5.22 (d, J=4.5, 2H). HRMS: m/z calcd for
C23H19N404+ [M+H]: 415.1407. found: 415.1414.

113. (5,6-dihydroxy-2-M-tolylpyrimidin-4-yl)(mor-
pholino)methanone

90

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO-d) § 12.94 (s,
1H), 10.11 (br s, 1H), 7.83 (s, 1H), 7.79 (d, I=7.5, 1H), 7.36
(m, 2H), 3.60 (m, 4H), 3.36 (m, 4H), 2.37 (s, 3H).

5
114. (5,6-dihydroxy-2-p-tolylpyrimidin-4-y1l)(mor-
pholino)methanone

10

N
20 i j
O
Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. "H NMR (400 MHz, CDCl,) 8 11.34 (br s,
2H), 7.83 (d, J=8.0, 2H), 7.35 (d, J=8.0, 2H), 4.30 (s, 1H),
3.84 (m, 4H), 3.52 (s, 1H), 3.31-3.08 (m, 1H), 2.45 (s, 3H).

115. 5,6-dihydroxy-N-(1-phenylethyl)-2-(3-(trifluo-
romethyl)phenyl)pyrimidine-4-carboxamide
30

OH
OH
35 N
F3C | / O
N
HN

40

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.51 (s, 2H),
8.32 (s, 1H), 8.26 (d, J=7.6, 1H), 7.99 (d, J=8.1, 1H), 7.83 (d,
J=7.7,1H),7.74 (t,]J=7.8, 1H), 7.43 (d, J=4.5, 3H), 7.35 (dq,
J=8.6, 4.3, 1H), 5.35-5.24 (m, 1H), 1.70 (d, J=6.9, 3H).

116. 5,6-dihydroxy-N-phenyl-2-(3-(triftuoromethyl)
phenyl)pyrimidine-4-carboxamide

oH
55
ol
N X
FiC | / 0
N
60
N

65
Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl, and DMSO-d,) &
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8.23 (s, 1H), 8.14 (s, 1H), 7.79 (s, 1H), 7.66 (d, I=7.5, 3H),
7.43-7.36 (m, 2H), 7.21 (d, I=7.5, 1H).

117. 5,6-dihydroxy-N-isopentyl-2-M-tolylpyrimi-
dine-4-carboxamide

Prepared according to Protocol A. Avg. Purity (TWC & 20

ELSD): 100%. 'H NMR (400 MHz, CDCL) 8 12.50 (s, 1H),
11.85-11.55 (m, 1H), 7.86-7.77 (m, 2H), 7.46 (t, I=7.7, 1H),
7.38 (d, J=7.6, 1H), 3.52 (dd, I=15.0, 6.2, 2H), 2.50 (s, 3H),
1.73 (td, J=13.3, 6.7, 1H), 1.59 (dd, J=14.8, 7.1, 2H), 1.01 (d,

1=6.6, 6H). 2

118. 5,6-dihydroxy-N-isopentyl-2-p-tolylpyrimidine-
4-carboxamide
30

35

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.48 (s, 1H), 45
11.71 (brs, 1H), 7.90 (d, J=8.3, 2H), 7.80 (t, J=5.9, 1H), 7.37
(d, J=8.0, 2H), 3.55-3.46 (m, 2H), 2.46 (s, 3H), 1.72 (td,
J=13.3, 6.6, 1H), 1.63-1.53 (m, 2H), 1.01 (d, J=6.6, 6H).

119. 5,6-dihydroxy-N-(2-methoxyethyl)-2-M- 30

tolylpyrimidine-4-carboxamide

OH 55
OH
IS
L
N 60
HN\/\O/

Prepared according to Protocol A. Avg. Purity (TWC & 65
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.38 (s, 1H),
11.42 (brs, 1H),8.13 (s, 1H), 7.83 (s, 1H), 7.79 (d, J=7.8, 1H),
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7.46(t,1=7.7,1H), 7.38 (d, J=7.6, 1H), 3.69 (m, 2H), 3.63 (m.
2H), 3.45 (s, 3H), 2.50 (s, 3H).

120. 5,6-dihydroxy-N-(2-methoxyethyl)-2-p-tolylpy-
rimidine-4-carboxamide

OH
OH
N X
L o
N
HN\/\O/

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCl,) 8 12.37 (s, 1H),
11.73-11.29 (brs, 1H), 8.12 (s, 1H), 7.90 (d, J=8.1, 2H), 7.37
(d, I=7.9, 2H), 3.69 (dd, J=10.4, 5.6, 2H), 3.62 (t, J=4.8, 2H),
3.45 (s, 3H), 2.46 (s, 3H).

121. (5,6-dihydroxy-2-p-tolylpyrimidin-4-y1)(4-me-
thylpiperazin-1-yl)methanone

.

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 95.6%. '"HNMR (400 MHz, CDCl,) 8 7.84 (d, J=8.1,
2H), 7.34 (d,J=7.9,2H), 4.24 (s, 2H), 3.87 (s, 2H), 2.62-2.51
(m, 4H), 2.44 (s, 3H), 2.38 (s, 3H).

122. N-benzyl-5,6-dihydroxy-2-M-tolylpyrimidine-
4-carboxamide

oH
on
N X
|/ o
N
N

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. "HNMR (400 MHz, CDCl,) 8 12.43-12.13 (s,
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1H), 11.64-11.10 (br s, 1H), 8.06 (s, 1H), 7.73-7.62 (m,
2H), 7.38-7.22 (m, 7H), 4.61 (d, ]=6.3, 2H), 2.38 (s, 3H).

123. N-benzyl-5,6-dihydroxy-2-(3-(trifluoromethyl)
phenyl)pyrimidine-4-carboxamide

oH
on
IS
| P o
N
N

CF;3

Prepared according to Protocol A. Avg. Purity (TWC & ELSD): 100%. 'H
NMR (400 MHz, CDCl; and DMSO-d) 8 8.17 (s, 1H), 8.09 (d, ]=8.0, 1H),
7.75 (d,1=7.8, 1H), 7.61 (t, I=7.9, 1H), 7.39-7.29 (m, 5H), 4.64 (s, 2H).

124. 5,6-dihydroxy-N-propyl-2-M-tolylpyrimidine-
4-carboxamide

OH
OH
N
| o
N
HN
\/\

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 97.8%. '"H NMR (400 MHz, CDCl,) 8 12.50 (s, 1H),
11.74 (s, 1H), 7.83 (m, 3H), 7.46 (t, J=7.6, 1H), 7.38 (d, J=7.6,
1H), 3.47 (dd, J=14.1, 6.5, 2H), 2.50 (s, 3H), 1.79-1.66 (m,
2H), 1.05 (t, J=7 .4, 3H).

125. 5,6-dihydroxy-N-(pyridin-4-ylmethyl)-2-M-
tolylpyrimidine-4-carboxamide

(€] OH
A N P OH
| i |
N P N A N

w
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.5%. 'H NMR (400 MHz, CDCl,) 8 8.44 (s, 2H),
7.62 (d, J=10.2, 2H), 7.28 (m, 5SH), 4.59 (s, 2H), 2.35 (s, 3H).

126. 5,6-dihydroxy-N-(pyridin-4-ylmethyl)-2-(3-
(trifluvoromethyl)phenyl)pyrimidine-4-carboxamide

o] OH
N NJ\KH/OH
| H |
N N e N
F

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. *H NMR (400 MHz, CDCI, and DMSO-d) 8
8.40 (dd, I=4.6, 1.6, 2H), 8.16 (s, 1H), 8.06 (d, J=8.0, 1H),
7.68 (d,J=7.8, 1H), 7.55 (t, J=7.9, 1H), 7.23 (d, I=6.1, 2H),
4.57 (s, 2H).

127. N-(cyclopropylmethyl)-5,6-dihydroxy-2-M-
tolylpyrimidine-4-carboxamide

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.50 (s, 1H),
11.58 (s, 1H), 7.92 (s, 1H), 7.86-7.78 (m, 2H), 7.47 (t, I=7.7,
1H),7.39(d,J=7.6,1H),3.41-3.31 (m, 2H), 2.51 (s, 3H), 1.14
(m, 1H), 0.68-0.58 (m, 2H), 0.36 (m, 2H).

128. N-(cyclopropylmethyl)-5,6-dihydroxy-2-p-
tolylpyrimidine-4-carboxamide

o
o
s

OH
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. '"H NMR (400 MHz, CDCl,) § 12.34 (s, 1H),
11.53 (s, 1H), 7.77 (d, J=8.2, 3H), 7.23 (d, J=8.0, 2H), 3.24-
3.16 (m, 2H), 2.31 (s, 3H), 1.04-0.91 (m, 1H), 0.53-0.44 (m,
2H), 0.21 (q, J=4.7, 2H). 5

129. N-(furan-2-ylmethyl)-5,6-dihydroxy-2-M-
tolylpyrimidine-4-carboxamide

o] OH

O N)H)YOH
&Jﬂ X |
N:\ N
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, CDCL,) 8 7.65 (d, 1=8.6,
2H), 7.39-7.29 (m, 3H), 6.32 (dt, I=8.0, 2.5, 2H), 4.61 (s, 2H),
335 (dt, J=3.3, 1.6, 1H), 2.42 (s, 3H). 2

130. N-(furan-2-ylmethyl)-5,6-dihydroxy-2-(3-(trif-
luoromethyl)phenyl)pyrimidine-4-carboxamide

0 on
0 N)H)\(OH
o |
Na N
F
F:
F

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. "H NMR (400 MHz, CDC1, and DMSO-d) 8
8.18 (s, 1H), 8.10 (d, J=8.1, 1H), 7.76 (d, J=8.0, 1H), 7.63 (t,
J=7.7, 1H), 7.38 (d, J=1.0, 1H), 6.36-6.28 (m, 2H), 4.62 (s,
2H).

131. 5,6-dihydroxy-N-morpholino-2-M-tolylpyrimi-
dine-4-carboxamide

0/\ 0 OH
k/N\N)H)YOH
f |
N N
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 95.1%. 'HNMR (400 MHz, CDCl,) 8 12.13 (s, 1H),
11.68-11.18 (brs, 1H), 8.52 (s, 1H), 7.77 (d,1=9.7, 2H), 7.47
(t, J=7.6, 1H), 7.40 (d, J=7.5, 1H), 3.97-3.87 (m, 4H), 3.11-
3.00 (m, 4H), 2.57-2.46 (m, 3H).

132. 5,6-dihydroxy-N-(1-phenylethyl)-2-M-tolylpy-
rimidine-4-carboxamide

\

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 99.0%. ‘H NMR (400 MHz, CDCl,) 8 12.38 (s, 1H),
11.41 (s, 1H), 8.04 (d, J=8.4, 1H), 7.76 (d, J=9.9, 2H), 7.48-
7.30(m, 6H), 5.44-5.21 (m, 1H),2.46 (d,J=21.8,3H), 1.67 (s,
3H).

133. 5,6-dihydroxy-N-(1-phenylethyl)-2-p-tolylpyri-
midine-4-carboxamide

0 oH
on
N =
i |
N N

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 98.9%. '"H NMR (400 MHz, CDCl,) 8 12.34 (s, 1H),
11.90 (s, 1H), 8.06 (d, J=8.3, 1H), 7.91 (t, J=12.2, 2H), 7.46-
7.30 (m, 7H), 5.30(dq, J=14.0, 7.0, 1H), 2.45 (s, 3H), 1.68 (d,
J=6.9, 3H).

134. N-benzyl-5,6-dihydroxy-2-p-tolylpyrimidine-4-
carboxamide

OH
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 97.2%. 'HNMR (400 MHz, CDCl,) 8 12.30 (s, 1H),
10.77-9.93 (m, 2H), 8.02 (s, 1H), 7.67 (d, 1=8.2, 1H), 7.34-
7.21 (m, 4H), 4.60 (d, I=6.2, 2H), 2.35 (s, 3H).

135. 5,6-dihydroxy-N-isopentyl-2-(3-(trifluorom-
ethyl)phenyl)pyrimidine-4-carboxamide

0 on
oHn
)\/\N)H)Y
i |
Na N

F.
F

F

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100.0%. 'H NMR (400 MHz, CDCl,) 8 12.67 (s,
1H), 8.35 (s, 1H), 8.29 (d, J=7.9, 1H), 7.83 (d, J=7.8, 1H),
7.75(t,1=7.6,1H),3.54 (dd, I=14.9,6.2,2H), 1.75 (tt, ]=13.2,
6.6, 1H), 1.61 (dd, I=14.7, 7.1, 3H), 1.01 (t, J=8.6, 6H).

10
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136. 5,6-dihydroxy-N-propyl-2-p-tolylpyrimidine-4-
carboxamide

35
40

(€] OH
OH
N\ N
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 96.1%. "H NMR (400 MHz, CDCl,) 8 12.54 (s, 1H),
12.54 (s, 1H), 11.64-10.70 (brs, 1H), 7.90 (d, I=8.3, 2H), 7.40 s
(d, J=7.9, 2H), 3.50 (dd, J=14.1, 6.5, 2H), 2.50 (s, 3H), 1.75
(tt, J=18.1, 9.1, 5H), 1.09 (t, J=7.4, 3H).

137. N-(4-ethylcyclohexyl)-5,6-dihydroxy-2-(1-me-
thyl-1H-imidazol-2-yl)pyrimidine-4-carboxamide

{\N/ 0
— N
N S N
| it
N OH
OH
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) § 12.53 (br s,
1H), 8.41-8.12 (br s, 1H), 7.46 (s, 1H), 7.10 (s, 1H), 4.03 (dd,
J=16.7, 5.1 Hz, 3H), 3.66 (m, 1H), 2-0.9 (m, 8H), 0.89 (dd,
J=15.6, 8.6 Hz, 3H). HRMS: m/z calcd for C17H24N503+
[M+H]: 346.1879. found: 346.1872.

138. 5,6-dihydroxy-2-(1-methyl-1H-imidazol-4-y1)-
N-(4-methylcyclohexyl)pyrimidine-4-carboxamide

/§N 0 Q/
N — N,
x N
\)ﬁl/ N
N / OH
OH

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 99.17%. "H NMR (400 MHz, DMSO) & 12.53 (br d,
1H),12.0 (brs, 1H),8.41-8.12 (brd, 1H), 7.46 (s, 1H), 7.10 (s,
1H), 4.03 (dd, J=16.7, 5.1 Hz, 1H), 3.66 (s, 3H), 2.0-0.9 (m,
9H), 0.89 (dd, J=15.6, 8.6 Hz, 3H). HRMS: m/z calcd for
C16H22N503+ [M+H]: 2.1723. found: 332.1721.

139. N-(4-(tert-butyl)cyclohexyl)-5,6-dihydroxy-2-
(2-methyl-1H-imidazol-5-yl)pyrimidine-4-carboxa-
mide

N
LTS
N,
i |\g
N/OH
OH

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) 8 12.09 (br s,
1H), 7.96-7.80 (m, 1H), 7.78 (s, 1H), 3.72 (s, 3H), 3.35
(obscured, 1H), 1.99-0.97 (m, 9H), 9 (s, 3H). HRMS: m/z
caled for C19H28N503+ [M+H]: 374.2192. found:
374.2191.

140. 5,6-dihydroxy-2-(2-methyl-1H-imidazol-5-y1)-
N-(4-methylcyclohexyl)pyrimidine-4-carboxamide

N
A
N,
i |\g
N/OH
OH
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) & 12.36 (s, 1H),
12.08 (s, 1H), 8.36 (s, 1H), 8.07 (s, 1H), 7.78 (d, J=4.7 Hz,
1H),3.92 (s, 1H),3.72 (d, J=29.5 Hz, 3H), 1.92-1.13 (m, 9H),
1.13-0.71 (m, 3H). HRMS: ny/z caled for C16H22N503+
[M+H]: 332.1723. found: 332.1721.

141. N-(4-(tert-butyl)cyclohexyl)-5,6-dihydroxy-2-
(1-methyl-1H-imidazol-4-yl)pyrimidine-4-carboxa-
mide

/=N 0 /©)<
—N
== N

S N

\/j\( N
N
7 OH
OH

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. "H NMR (400 MHz, DMSO) 8 12.08 (s, 1H),
8.1 (m, 1H), 7.8 (m, 1H), 4.19-4.02 (m, 1H), 3.74 (d, J=7.8
Hz, 3H), 1.99-1.33 (m, 5H), 1.33-0.99 (m, 4H), 0.99-0.73 (m,
9H). HRMS: m/z caled for C19H28N503+ [M+H]:
374.2192. found: 374.2194.

142. N-(4-ethylcyclohexyl)-5,6-dihydroxy-2-(2-me-
thyl-1H-imidazol-5-yl)pyrimidine-4-carboxamide

N
LI
i |N\ N
N 7 OH
OH

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 93.24%. 'H NMR (400 MHz, DMSQ) 8 12.22 (brs,
1H), 11.82 (brs, 1H), 8.20 (br s, 1H), 7.92-7.69 (m, 1H), 7.65
(m, 1H), 3.61-3.36 (obscured, 1H), 1.74-0.72 (m, 11H), 0.72-
0.46 (m, 3H). HRMS: m/z calcd for C17H24N503+ [M+H]:
346.1879. found: 346.1878.

143. 5,6-dihydroxy-2-(2-methyl-1H-imidazol-5-y1)-
N-(3-methylcyclohexyl)pyrimidine-4-carboxamide

N
A I
N,
i | N N
N 7 OH
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Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 100%. 'H NMR (400 MHz, DMSO) & 12.43 (s, 1H),
12.07 (s, 1H), 8.42 (s, 1H), 8.08 (m/z, 1H), 7.78 (s, 1H), 4.14
(s, 1H), 3.73 (s, 3H), 1.92-1.04 (m, 9H), 1.04-0.67 (m, 3H).
HRMS: m/z caled for C16H22N503+ [M+H]: 332.1723.
found: 332.1725.

144. N-(4-ethylcyclohexyl)-5,6-dihydroxy-2-(1-me-
thyl-1H-imidazol-4-yl)pyrimidine-4-carboxamide

/Sy
N
N = N
| x N
N
/ OH
OH

Prepared according to Protocol A. Avg. Purity (TWC &
ELSD): 91.88%. "H NMR (400 MHz, DMSO) § 12.21 (brs,
1H), 11.84 (brs, 1H), 8.18 (s, 1H), 7.87 (s, 1H), 7.76 (s, 1H),
7.51 (s, 1H), 3.59-3.36 (m, 3H), 1.83-0.5 (m, 14H). HRMS:
m/z caled for C17H24N503+ [M+H]: 346.1879. found:
346.1880.

145. (5,6-dihydroxy-2-(3-(trifluoromethyl)benzyl)
pyrimidin-4-yl)(thiophen-3-yl)methanone

Prepared according to Protocol A. 'H NMR (400 MHz,
CDCl; and MeOD) 8 8.36 (s, 1H), 7.50 (d, J=4.9 Hz, 1H),
7.41 (s, 2H), 7.34-7.27 (m, 2H), 7.03 (d, J=5.0 Hz, 1H), 3.82
(s, 2H). HRMS: mv/z caled for C17H12N203F3S+ [M+H]:
381.0521. found: 381.0527.

146. 2-benzoyl-3-hydroxy-7,8-dihydropyrrolo[1,2-a]
pyrimidin-4(6H)-one
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 8 12.60 (s, 1H), 8.24 (dd, J=7.1, 6.0 Hz, 2H), 7.68-
7.59 (m, 1H), 7.52 (m, 2H), 4.22 (dd, J=14.0, 6.8 Hz, 2H),
3.10(dd,J=14.9,7.2 Hz, 2H), 2.45-2.17 (m, 2H). HRMS: nv/z
caled for C14H13N203+ [M+H]:257.0926. found: s
257.0917.

147. 3-hydroxy-2-isobutyryl-7,8-dihydropyrrolo[1,2-
a]pyrimidin-4(6H)-one

10
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 8 12.47 (s, 1H), 4.22-4.16 (m, 2H), 3.92-3.88 (m,
1H), 3.07 (t, J=7.9 Hz, 2H), 2.37-2.25 (m, 2H), 1.22 (d, J=6.9
Hz, 6H). HRMS: m/z caled for C11H15N203+ [M+H]:
223.1083. found: 223.1084.

148. 3-hydroxy-2-(thiophene-3-carbonyl)-7,8-dihy-
dropyrrolo[1,2-a]pyrimidin-4(6H)-one
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;)913.19(s, 1H),9.27 (dd, J=3.0, 1.2 Hz, 1H), 7.95 (dd,
J=5.2, 1.2 Hz, 1H), 7.36 (dd, J=5.2, 3.0 Hz, 1H), 4.26-4.18
(m, 2H), 3.14 (1, I=7.9 Hz, 2H), 2.39-2.27 (m, 2H). HRMS:
m/z caled for C12H11N20;S+ [M+H]:263.0490. found:
263.0493.

149. (5,6-dihydroxy-2-(4-methoxybenzyl)pyrimidin-
4-y1)(2-methoxyphenyl)methanone
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;)912.09 (s, 1H), 11.30 (s, 1H), 7.57-7.51 (m, 1H), 7.47
(dd, J=7.6, 1.7 Hz, 1H), 7.19 (d, J=8.6 Hz, 2H), 7.08 (t, J=7.5
Hz, 1H), 7.00 (d, J=8.4 Hz, 1H), 6.85 (d, J=8.6 Hz, 2H), 3.83
(s, 2H), 3.81 (s, 3H), 3.76 (s, 3H). HRMS: m/z calcd for
C20H19N205+ [M+H]:367.1294. found: 367.1285.

150. 3-hydroxy-2-(2-(m-tolyl)acetyl)-7,8-dihydropy-
rrolo[ 1,2-a]pyrimidin-4(6H)-one

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;)012.18 (s, 1H), 7.29 (d,J=4.2 Hz, 2H),7.25(d,1=7 .2
Hz, 1H), 7.13 (s, 2H), 4.37 (m, 2H), 4.23-4.14 (m, 2H),
3.16-3.06 (m, 2H), 2.41-2.24 (m, SH). HRMS: m/z calcd for
C16H17N203+ [M+H]:285.1239. found: 285.1242.

151. (5,6-dihydroxy-2-(4-methoxybenzyl)pyrimidin-
4-y1)(3-methoxyphenyl)methanone

/O

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl; and MeOD) 8 7.61 (d, J=7.9 Hz, 1H), 7.54 (s, 1H),
7.16(t,J=8.0 Hz, 1H), 7.05 (d, J=8.6 Hz, 2H), 6.98 (dd, ]=8.6,
2.2Hz,1H),6.71 (d, J=8.7 Hz, 2H), 3.69 (s, 2H), 3.66 (s, 3H),
3.64 (s, 3H). HRMS: m/z caled for C20HI9N205+ [M+H]:
367.1294. found: 367.1292.

152. (5,6-dihydroxy-2-(4-methoxybenzyl)pyrimidin-
4-yl)(phenyl)methanone

OH
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl; and MeOD) § 7.89 (d, I=8.1 Hz, 2H), 7.36 (t, I=7.4
Hz, 1H), 7.20-7.14 (m, 2H), 6.99 (d, ]=8.4 Hz, 2H), 6.65 (d,
J=8.6 Hz, 2H), 3.62 (s, 2H), 3.58 (s, 3H). HRMS: m/z calcd
for C19H17N204+ [M+H]:337.1188. found: 337.1184.

153. (5,6-dihydroxy-2-(3-methylbenzyl)pyrimidin-4-
yD)(2-methoxyphenyl )methanone

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 8 12.07 (s, 1H), 11.24 (s, 1H), 7.58-7.51 (m, 1H),
7.51-7.44 (m, 1H), 7.25-7.17 (m, 1H), 7.09 (dd, J=11.4, 6.9
Hz, 4H), 7.01 (d, J=8.1 Hz, 1H), 3.86 (s, 2H), 3.74 (d, I=4.6
Hz, 3H), 2.33 (d, J=4.4 Hz, 3H). HRMS: m/z caled for
C20H19N204+ [M+H]:351.1345. found: 351.1340.

154. (5,6-dihydroxy-2-(2-(trifluoromethyl)benzyl)
pyrimidin-4-yl)(2-methoxyphenyl)methanone

Prepared according to Protocol E. *H NMR (400 MHz,
CDCl;) 6 12.09 (s, 1H), 10.88 (s, 1H), 7.68 (d, J=7.1 Hz, 1H),
7.50-7.38 (m, 3H), 7.35 (dd, J=7.6, 1.7 Hz, 1H), 7.29 (s, 1H),
6.97 (t, I=7.5 Hz, 1H), 6.87 (d, J=8.4 Hz, 1H), 4.10 (s, 2H),
3.65 (s, 3H). HRMS: nmy/z caled for C20H16N204F3+
[M+H]:405.1062. found: 405.1061.

155. (5,6-dihydroxy-2-(3-methylbenzyl)pyrimidin-4-

yD)(phenyl)methanone
OH
OH
N
L
N
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;) 6 12.73 (s, 1H), 11.49 (s, 1H), 8.27 (d, J=8.2 Hz, 2H),
7.64 (1, J=6.9 Hz, 1H), 7.47 (dd, J=10.3, 4.9 Hz, 2H), 7.27 (s,
1H), 7.21-7.13 (m, 3H), 4.01 (s, 2H), 2.37 (d, J=4.7 Hz, 3H).
HRMS: m/z caled for C19H17N203+ [M+H]:321.1239.
found: 321.1239.

156. (5,6-dihydroxy-2-(2-(trifluoromethyl)benzyl)
pyrimidin-4-yl)(phenyl )methanone

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;)612.89 (s, 1H), 11.40(s, 1H), 8.08 (d, J=7.5 Hz, 2H),
7.78 (d, J=7.8 Hz, 1H), 7.63-7.48 (m, 3H), 7.44 (d, J=7.6 Hz,
1H), 7.33 (t, J=7.8 Hz, 2H), 4.27 (s, 2H). HRMS: m/z calcd
for C19H14N203F3+ [M+H]:375.0957. found: 375.0960.

157. (5,6-dihydroxy-2-(naphthalen-1-ylmethyl)pyri-
midin-4-yl)(3-methoxyphenyl)methanone

OO e

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 0 12.64 (s, 1H), 10.08 (s, 1H), 8.03 (s, 1H), 7.92 (d,
J=6.8 Hz, 2H), 7.82 (s, 2H), 7.53 (s, 4H), 7.35 (d, J=7.5 Hz,
1H), 7.21 (d, J=5.2 Hz, 1H), 4.48 (s, 2H), 3.91 (d, J=6.6 Hz,
3H). HRMS: m/z caled for C23H19N204+ [M+H]:
387.1345. found: 387.1339.

158. (5,6-dihydroxy-2-(naphthalen-1-ylmethyl)pyri-
midin-4-yl)(phenyl)methanone
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;) 8 12.73 (s, 1H), 11.05 (s, 1H), 8.11 (d, J=7.7 Hz, 2H),
8.04 (s, 1H), 7.93 (dd, J=16.2,7.4 Hz, 2H), 7.64-7.45 (m, 5H),
7.40 (d, J=7.5 Hz, 2H), 4.51 (s, 2H). HRMS: m/z calcd for
C22H17N203+ [M+H]:357.1239. found: 357.1234.

159. 1-(5,6-dihydroxy-2-(4-methoxybenzyl)pyrimi-
din-4-y1)-2-(M-tolyl)ethanone

/O

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 8 11.89 (s, 1H), 10.86 (s, 1H), 7.10 (dd, J=14.1, 8.6
Hz, 3H), 6.97 (d, J=6.7 Hz, 3H), 6.79-6.71 (m, 2H), 4.21 (d,
J=19.1 Hz, 2H), 3.81 (s, 2H), 3.67 (d, J=2.7 Hz, 3H), 2.22-
2.10 (m, 3H). HRMS: m/z calcd for C21H21N204+ [M+H]:
365.1501. found: 365.1493.

160. 1-(5,6-dihydroxy-2-(2-(trifluoromethyl)benzyl)
pyrimidin-4-y1)-2-(m-tolyl)ethanone

Prepared according to Protocol E. *H NMR (400 MHz,
CDCl,) 9 11.97 (s, 1H), 11.46-10.75 (m, 1H), 7.78 (d, I=7.8
Hz, 1H), 7.60 (t, J=7.5 Hz, 1H), 7.49 (t, J=7.7 Hz, 1H), 7.44
(d, J=7.7 Hz, 1H), 7.17 (t, J=7.6 Hz, 1H), 7.08 (d, J=7.6 Hz,
1H), 7.01 (d, J=7.9 Hz, 1H), 6.89 (d, J=7.6 Hz, 1H), 4.24 (s,
2H), 4.18 (s, 2H), 2.32 (d, J=8.3 Hz, 3H). HRMS: mv/z caled
for C21H18N203F3+ [M+H]:403.1270. found: 403.1266.

161. 1-(5,6-dihydroxy-2-(3-(trifluoromethyl)benzyl)
pyrimidin-4-y1)-2-(m-tolyl)ethanone

20
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30
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 9 12.10 (s, 1H), 7.70 (s, 1H), 7.59 (t, J=6.4 Hz, 2H),
7.50 (t, I=7.6 Hz, 1H), 7.21 (t, J=7.6 Hz, 1H), 7.10 (d, I=7.6
Hz, 1H), 7.06 (s, 1H), 7.01 (d, J=7.6 Hz, 1H), 4.29 (d, J=17.3
Hz, 2H), 4.10 (s, 2H), 2.33 (d, J=7.6 Hz, 3H). HRMS: m/z
caled for C21HI8N203F3+ [M+H]:403.1270. found:
403.1266.

162. 3-hydroxy-2-(2-methoxybenzoyl)-7,8-dihydro-
pyrrolo-[1,2-a]pyrimidin-4(6H)-one

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 8 12.21 (s, 1H), 7.56-7.48 (m, 1H), 7.45 (dd, J=7.6,
1.5Hz, 1H), 7.06 (dt, I=14.4, 6.8 Hz, 2H), 4.24-4.13 (m, 2H),
3.82 (s, 3H), 2.98 (1, J=7.9 Hz, 2H), 2.34-2.20 (m, 2H).
HRMS: m/z caled for C15H15N204+ [M+H]:287.1032.
found: 287.1028.

163. (5,6-dihydroxy-2-(3-methylbenzyl)pyrimidin-4-
yD)(3-methoxyphenyl)methanone

o

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;) 8 12.63 (s, 1H), 11.05 (s, 1H), 7.92 (d, J=7.7 Hz, 1H),
7.83 (s, 1H), 7.39 (1, J=8.0 Hz, 1H), 7.31-7.24 (m, 1H),
7.22-7.12 (m, 4H), 4.03 (d,J=24.8 Hz, 2H), 3.88 (s, 3H), 2.37
(s, 3H). HRMS: m/z caled for C20H19N204+ [M+H]:
351.1345. found: 351.1343.

164. (5,6-dihydroxy-2-(3-(trifluoromethyl)benzyl)
pyrimidin-4-yl)(2-methoxyphenyl)methanone
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Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl,) 8 12.70 (s, 1H), 12.15 (s, 1H), 7.58-7.49 (m, 4H),
7.44-736 (m, 2H), 7.04 (dd, J=13.5, 6.0 Hz, 1H), 6.94 (d,
J=8.4 Hz, 1H), 3.99 (s, 2H), 3.66 (s, 3H). HRMS: m/z calcd
for C20H16N204F3+ [M+H]:405.1062. found: 405.1068.

165. 1-(5,6-dihydroxy-2-(3-methylbenzyl)pyrimidin-
4-y1)-2-(M-tolyl)ethanone

Prepared according to Protocol E. *H NMR (400 MHz,
CDCl;)912.05(s, 1H), 10.26 (s, 1H), 7.27-7.21 (m, 1H), 7.14
(m, 5H),4.36 (d, J=21.6 Hz, 2H), 3.98 (s, 2H), 2.35 (d, J=15.1
Hz, 6H). HRMS: m/z caled for C21H2IN203+ [M+H]:
349.1552. found: 349.1552.

166. (5,6-dihydroxy-2-(2-(trifluoromethyl)phenyl)
pyrimidin-4-yl)(o-tolyl)methanone
OH

Prepared according to Protocol E. *H NMR (400 MHz,
CDCl;) 6 13.01-12.13 (br s, 1H), 11.23-10.27 (br s, 1H), 7.78
(m, 1H), 7.66 (m, 2H), 7.57 (m, 2H), 7.39 (m, 1H), 7.25 m,
2H), 2.37 (d, J=47.7 Hz, 3H). HRMS: m/z calcd for
C19H14N203F3+ [M+H]:375.0957. found: 375.0956.

167. (5,6-dihydroxy-2-(5-methylpyridin-2-yl)pyrimi-
din-4-yl)(o-tolyl)methanone

Prepared according to Protocol E. 'H NMR (400 MHz,
CDCl;) 6 11.47-10.90 (s, 1H), 8.43 (s, 1H), 7.89 (d,J=8.1 Hz,
1H), 7.67 (d, J=7.8 Hz, 1H), 7.61-7.56 (m, 1H), 7.49 (dd,
J=10.6, 4.4 Hz, 1H), 7.36 (dd, J=7.5, 4.1 Hz, 2H), 2.47 (d,

108

J=6.7 Hz, 3H), 2.43 (d, J=7.0 Hz, 3H). HRMS: my/z calcd for
C18H16N303+ [M+H]:322.1192. found: 322.1187.

168. 2-(BIS (4-fluorophenyl)(hydroxy)methyl)-6,7,8,
9-tetrahydro-2H-pyrido[1,2-a]pyrimidine-3,4-dione

w

Prepared according to Protocol E2. 'H NMR (400 MHz,
CDCl;) 8 7.46-7.33 (m, 4H), 7.08-6.95 (m, 4H), 6.28 (s, 1H),
6.17 (s, 1H), 4.02 (t, J=6.2 Hz, 2H), 2.93 (t, J=6.6 Hz, 2H),
2.08-1.97 (m, 2H), 1.97-1.86 (m, 2H).

25 169. 6-(3-phenyl-1,2,4-oxadiazol-5-y1)-2-(pyridin-2-

yDpyrimidine-4,5-diol

30 OH

OH

40

Prepared according to Protocol E2. 'H NMR (400 MHz,
CDCl,) 813.06 (s, 1H), 10.41 (s, 1H), 7.86 (d, J=23 .4, 2H),
7.59-7.43 (m, 4H), 7.38-7.30 (m, SH), 4.78-4.55 (m, 4H).

45

170. N4-benzyl-5,6-dihydroxy-N2-(2-methoxyethyl)
pyrimidine-2.,4-dicarboxamide

OH
. 7 oH

o NS Il\I Sy ©
0 N

50

55

60
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Prepared according to Protocol C. 'H NMR (400 MHz, 174. N4-(4-fluorobenzyl)-5,6-dihydroxy-N2-isobu-
CDCl,)813.03 (s, 1H), 10.92-10.12 (m, 1H), 7.81 (d, J=66.2, tylpyrimidine-2,4-dicarboxamide

2H), 7.40 (d, J=5.8, 5H), 4.69 (d, J=6.2, 2H1), 3.74-3.45 (m,

4H), 3.37 (d, 1-6.7, 3H). ot
5 OH
H NZ
171. 5,6-dihydroxy-N-isobutyl-2-(morpholine-4- |
carbonyl)pyrimidine-4-carboxamide N ™ o)
N
OH 10
-
OH H

o/\ NZ |
k/ N e 0

N

20 Prepared according to Protocol C. 'H NMR (400 MHz,
CDCl,) 6 7.36(dd, J=8.5,5.4 Hz, 2H), 7.10 (t, J=8.6 Hz, 2H),
4.66 (d, J=6.3 Hz, 2H), 3.27 (t, J=6.7 Hz, 2H), 1.91 (dd,
J=13.5, 6.8 Hz, 1H), 0.97 (d, J=6.7 Hz, 6H).

Prepared according to Protocol C. 'H NMR (400 MHz,
CDCl,) 8 4.24 (m, 2H), 3.78 (m, 2H), 3.31 (t, J=6.5 Hz, 2H),
1.92 (dd, J=13.4, 6.6 Hz, 1H), 1.01 (d, J=6.7 Hz, 6H).

25
175. N4-(4-fluorobenzyl)-5,6-dihydroxy-N2-(3-(trif-

172. 5,6-dihydroxy-N4-isobutyl-N2-(3-(trifluorom- luoromethyl)benzyl)pyrimidine-2,4-dicarboxamide

ethyl)benzyl)pyrimidine-2,4-dicarboxamide

on
on
on o NZ
NZ |
F. N 0
F N ™ o Sy
N F
F F
F fo) N 35 H/

40
Prepared according to Protocol C. 'H NMR (400 MHz,
CDCl,) 6 13.25 (s, 1H), 10.53 (s, 1H), 7.77 (s, 1H), 7.70-7.36 F
(m, 5H), 4.75 (t, J=13.1, 2H), 3.38-3.19 (m, 2H), 2.04-1.81

(m, 1H), 1.09-0.84 (m, 6H). Prepared according to Protocol C. 'H NMR (400 MHz,

CDCL,) 8 13.01 (s, 1H), 10.49 (s, 1H), 7.87 (d, J=22.2, 2H),
7.51(d,1=17.1,5H), 7.02 (d, ]=8.3, 3H), 4.65 (d, J=28.3, 4H).

173. 5,6-dihydroxy-N4-isobutyl-N2-(2-methoxy-
ethyl)pyrimidine-2,4-dicarboxamide 176. N4-(4-fluorobenzyl)-5,6-dihydroxy-N2-(2-
50 methoxyethyl)pyrimidine-2,4-dicarboxamide

OH
OH
OH
H N/ OH
P [
x>
\O/\/ N 55 \/\/Il\I g o
8 X O N
H/j\ 0 _N
H

Prepared according to Protocol C. 'H NMR (400 MHz,
CDCl;) 6 13.01 (s, 1H), 10.80-10.05 (m, 1H), 7.52 (t, J=46.3,
3H), 3.54 (dd, I=10.7, 5.3, 2H), 3.48 (t, J=4.8, 2H), 3.31 (s, 5
3H), 3.20 (t, J=6.6, 2H), 1.91-1.76 (m, 2H), 0.89 (dd, J=12.3,
5.9, 6H).
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Prepared according to Protocol C. 'H NMR (400 MHz,
CDCl,) 6 13.38-12.54 (s, 1H), 10.91-10.05 (s, 1H), 7.85 (s,
1H), 7.69 (s, 1H), 7.37 (dd, J=8.6, 5.3, 2H), 7.09 (t, ]=8.6,
2H), 4.65 (d,1=6.2,2H), 3.64 (dd, ]=10.3, 5.9, 2H), 3.60-3.54
(m, 2H), 3.38 (s, 3H).

177. 6-(3-phenyl-1,2,4-oxadiazol-5-y1)-2-(pyridin-2-
yDpyrimidine-4,5-diol

on
/ on
]
Y

AN N | O\N

N Neo /

Prepared according to Protocol C. 'H NMR (400 MHz,
DMSO) 0 8.57 (s, 1H), 8.41 (d, J=7.8 Hz, 1H), 8.10 (d, J=7.8
Hz, 2H), 7.85 (d, J=8.9 Hz, 1H), 7.48 (s, 3H), 7.36 (s, 1H).

178. 2-(pyridin-2-y1)-6-(3-(3-(trifluoromethyl)phe-
nyl)-1,2,4-oxadiazol-5-yl)pyrimidine-4,5-diol

OH
~ OH
]

A \N | O\N

N N/

F

Prepared according to Protocol G. 'H NMR (400 MHz,
DMSO) 0 8.58 (s, 1H), 8.37 (d, J=14.0 Hz, 3H), 7.86 (s, 2H),
7.66 (s, 1H), 7.38 (s, 1H).

179. 2-(pyridin-2-y1)-6-(3-(thiophen-2-y1)-1,2,4-
oxadiazol-5-yl)pyrimidine-4,5-diol

OH
OH
=z
L]
x 0
\ N | \N
N Y
—=
S
/

112
Prepared according to Protocol G. "H NMR (400 MHz,
DMSO0) 8 8.54 (d,J=5.0Hz, 1H), 8.34 (d, J=8.1 Hz, 1H), 7.81
(d, J=3.7Hz, 2H), 7.52 (d, J=4.0 Hz, 1H), 7.37-7.27 (m, 1H),

7.17-7.08 (m, 1H).
5

180. 6-(3-butyl-1,2,4-oxadiazol-5-y1)-2-(3-methylpy-
ridin-2-yl)pyrimidine-4,5-diol

OH
10
N/ | OH
\
AN N | O\
N
15 /N N /

20

Prepared according to Protocol G. "H NMR (400 MHz,
CDCl;) 8 11.66 (s, 1H), 10.59 (s, 1H), 8.52 (d, J=2.9 Hz, 1H),
7.73 (d, J=7.7 Hz, 1H), 7.39 (dd, I=7.7, 4.6 Hz, 1H), 3.0 (s,
3H), 3.0-2.90 (m, 2H), 1.99-1.8 (m, 2H), 1.49 (dd, J=14.9,7 .4
Hz, 2H), 1.01 (dd, J=8.7, 6.0 Hz, 3H).

25

181. 2-(3-methylpyridin-2-y1)-6-(3-phenyl-1,2.4-

30 oxadiazol-5-yl)pyrimidine-4,5-diol

OH
N/ OH
35 |
D N | %
N
P /

40

Prepared according to Protocol G. "H NMR (400 MHz,
DMSO) 0 8.44 (s, 1H), 8.08 (d, J=3.4 Hz, 2H), 7.66 (d, I=6.9
Hz, 1H), 7.48 (s, 3H), 7.29 (s, 1H), 2.82 (s, 3H).

50 182. 2-(3-methylpyridin-2-y1)-6-(3-(thiophen-2-y1)-

1,2,4-oxadiazol-5-yl)pyrimidine-4,5-diol

OH
OH
55 N |
Y
AN N | O\
N
N Ne /
60
\
S
/

65
Prepared according to Protocol G. *"H NMR (400 MHz,
DMSO0) 8 12.28 (s, 1H), 11.40-10.86 (br s, 1H), 8.49 (m, 1H),



US 9,328,075 B2

113
7.98-7.78 (m, 2H), 7.71 (m, 1H), 7.64 (s, 1H), 7.37 m, 1H),
7.19 (m, 1H), 2.79 (d, J=2.5 Hz, 3H).

183. 2-(3-methylpyridin-2-y1)-6-(3-(p-tolyl)-1,2,4-
oxadiazol-5-yl)pyrimidine-4,5-diol

OH
Z OH
]
™
AN Y O\N
N Ne /

Prepared according to Protocol G. 'H NMR (400 MHz,
CDCl;) 8 11.59 (s, 1H), 10.52 (s, 1H), 8.43 (d, J=3.5 Hz, 1H),
7.96 (d, J=8.2 Hz, 2H), 7.65 (d, J=7.7 Hz, 1H), 7.29 (d, ]=7.8
Hz, 3H), 2.90 (s, 3H), 2.39 (s, 3H).

184. 6-(3-butyl-1,2,4-oxadiazol-5-y1)-2-(3-(trifluo-
romethyl)phenyl)pyrimidine-4,5-diol

on
on
F NZ
F |
Y
F N | N
N
Ner /

Prepared according to Protocol G. 'H NMR (400 MHz,
DMSO) § 13.40 (s, 1H), 11.28-10.33 (br s, 1H), 8.42 (s, 1H),
8.36 (d, I=7.9 Hz, 1H), 7.93 (s, 2H), 7.74 (d, J=7.9 Hz, 1H),
7.64(t,J=7.8 Hz, 1H), 2.86-2.76 (m, 2H), 1.74 (dt, J=15.1,7.5
Hz, 2H), 1.46-1.31 (m, 2H), 0.92 (t, J=7.4 Hz, 3H).

185. 6-(5-fluoro-1H-benzo[D]imidazol-2-y1)-2-(3-
(trifluvoromethyl)phenyl)pyrimidine-4,5-diol

on

on

F NZ
F |
0
A N H

F N \

N
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Prepared according to Protocol G. "H NMR (400 MHz,
DMSO0) 0 8.61 (s, 1H), 8.47 (d, J=8.0 Hz, 1H), 7.70 (d, J=8.1
Hz, 1H), 7.60 (t,J=6.7 Hz, 2H), 7.29 (d, I=10.5 Hz, 2H), 7.01
(s, 1H).

186. Ethyl 2-(5,6-dihydroxy-2(3-(triffuoromethyl)
phenyl)pyrimidin-4-yl)-1H-benzo[D]imidazole-5-

carboxylate
OH
OH
F NZ
: |
H
x N H

F N \

N H

(6]

Prepared according to Protocol F. *"H NMR (400 MHz,
DMSO) § 13.29 (s, 1H), 13.11 (s, 1H), 8.64 (s, 1H), 8.54 (d,
J=7.7Hz, 1H), 8.38 (s, 1H), 8.29 (s, 1H), 7.95 (s, 1H), 7.73 (d,
J=7.7Hz, 1H),7.65 (t,J=7.7 Hz, 1H), 4.34 (q, I=7.0 Hz, 2H),
1.38 (t, I=7.1 Hz, 3H).

187. 6-(5-fluoro-1H-benzo[D]imidazol-2-y1)-2-(3-
(trifluvoromethyl)phenyl)pyrimidine-4,5-diol

OH

OH

F N7
F |
H
x N H

F N \

N

Prepared according to Protocol F. *"H NMR (400 MHz,
DMSO0) 8 13.00 (s, 1H), 8.62 (s, 1H), 8.49 (d, J=7.9 Hz, 1H),
7.70 (d, I=7.8 Hz, 1H), 7.61 (m, 2H), 7.31 (s, 1H), 7.01 (dd,
J=12.8, 5.5 Hz, 1H).

188. Ethyl 2-(5,6-dihydroxy-2-(pyridin-2-yl)pyrimi-
din-4-yl)-1H-benzo[D]imidazole-5-carboxylate

on
y on
N
I &
2N N 0
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Prepared according to Protocol F. "H NMR (400 MHz, 1H), 1.90 (d, J=12.7 Hz, 2H), 1.76 (s, 2H), 1.45 (m, 4H), 1.01
DMSO) 8 13.47-13.01 (m, 2H), 11.60 (s, 2H), 8.68 (s, 1H), (s, 4H), 0.79 (dd, J=9.3, 6.8 Hz, 6H).
8.64 (d, J=4.3 Hz, 1H), 8.40-8.26 (m, 1H), 7.95 (m, 3H),
7.51-7.42 (m, 1H), 4.34 (q, J=7.1 Hz, 2H), 1.38 (t, J=7.1 Hz,

31) 192. 4-(tert-butyl)-N-(4,5-dihydroxy-6-(5-methyl-

isoxazol-3-yl)pyrimidin-2-yl)-N-methylbenzamide

w

189. 6-(5-fluoro-1H-benzo[ D]imidazol-2-yl1)-2-(4-
fluorophenyl)pyrimidine-4,5-diol
10

on Q
OH
N | 15
H
\ N H
A
N
H
F 20

Prepared according to Protocol D. "H NMR (400 MHz,
F CD,0OD) d 15.02 (s, 1H), 13.34 (s, 1H), 8.28-7.99 (m, 2H),
7.38 (dd, J=10.9, 8.3 Hz, 2H), 6.65 (s, 1H), 3.67 (s, 3H), 2.46

Prepared according to Protocol F. "H NMR (400 MHz, s (s, 3H), 1.28 (s, 9H).

DMSO) § 13.08 (s, 1H), 12.88 (s, 1H), 8.45-8.24 (m, 2H),
7.62 (m, 1H), 7.26 (m, 1H), 7.20 (m, 2H), 7.04 (s, 1H). 193. 4-(tert-butyl)-N-(5-hydroxy-1-methyl-4-(5-
methylisoxazol-3-yl)-6-0x0-1,6-dihydropyrimidin-2-

190. N-(5-(benzyloxy)-4-hydroxy-6-(5-methylisox- yhbenzamide

azol-3-yl)pyrimidin-2-yl)-4-(tert-butyl)-N-methyl-
benzamide
35

O N/ fo) \N
N)\N N)\N
| H
40

Prepared according to Protocol D. 'H NMR (400 MHz, 45  Prepared according to Protocol D. '"H NMR (400 MHz
CDCl;) 6 14.73 (br s, 1H), 8.19-8.12 (m, 2H), 7.42-7.32 (m, = CD,OD) & 8.63 (s, 1H), 7.97 (br s, 1H), 7.55-7.31 (m, 4H),
3H),7.32-7.23 (m, 2H),7.18 (m, 2H), 6.42 (d. J=1.1Hz, 1H), 6,50 (s, 1H), 3.45 (s, 3H), 2.45 (s, 3H), 1.28 (s, 9H).
5.16(s,2H),3.61 (s, 3H),2.35 (d, J=1.0 Hz, 3H), 1.27 (s, 9H).

30

) 194. +/-trans-N-(4,5-dihydroxy-6-(pyridin-2-yl)
191. +/-trans-N-(5-(benzyloxy)-4-hydroxy-6-(pyri- 30 pyrimidin-2-yl)-4-isopropylcyclohexanecarboxamide
din-2-yl)pyrimidin-2-y1)-4-isopropylcyclohexanecar-
boxamide

55

60

Prepared according to Protocol D. 'H NMR (400 MHz, 65
MeOD) 8 8.58 (s, 1H), 8.40 (s, 1H), 7.73 (t, J=8.0 Hz, 1H), Prepared according to Protocol D. *"H NMR (400 MHz,
7.31 (d, J=20.2 Hz, 3H), 7.15 (s, 3H), 5.21 (s, 2H), 2.31 (s, CD,0OD) 9 8.51 (d, J=4.9 Hz, 1H), 8.26 (d, J=8.2 Hz, 1H),
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7.94 (t, J=7.8 Hz, 1H), 7.39 (s, 1H), 2.29 (s, 1H), 1.88 (d, Prepared according to Protocol D. "H NMR (400 MHz,
J=12.7Hz,2H), 1.76 (m, 2H), 1.45 (m, 3H), 1.1 (m, 3H), 0.81 CDCl,) 9 12.22 (s, 1H), 11.1 (br s, 1H), 8.47 (d, J=4.3 Hz,
(d, J=6.8 Hz, 6H). 1H), 8.16 (d, I=7.8 Hz, 1H), 7.97 (d, J=8.2 Hz, 1H), 7.81 (d,

J=8.2 Hz, 2H), 7.48 (d, J=6.5 Hz, 2H1), 7.41 (d, ]=8.4 Hz, 1H),

195. 4~(tert-butyl)-N-(4,5-dihydroxy-6-(piperidin-2- 7:34-7.26 (m, 1H), 1.29 (s, 9H).

yDpyrimidin-2-yl)benzamide
198. N-benzyl-2-(4,5-dihydroxy-6-(5-methylisox-
azol-3-y)pyrimidin-2-yl)acetamide
10

O OH
OH
15 o N/ |
\ N
NMN =N
H 0
.

20

Prepared according to Protocol D. For this example, depro-
tection using palladium on carbon hydrogenation conditions
afforded the reduced pyridine analog. "H NMR (400 MHz, Prepared according to Protocol A. 'H NMR (400 MHz,
DMSO0) 4 8.00(d, J=8.4 Hz, 2H), 7.49 (d, I=7.9 Hz, 2H), 3.9 25 DMSO) 8 11.41 (brs, 1H), 8.46 (brs, 1H), 7.40 (t, ]=7.8H,
(m, 1H), 3.1 (m, 2H), 1.81 (m, 2H), 1.62 (m, 1H), 1.49 (s, 3H), 1H), 7.29 (m, 3H), 7.06 (d, J=6.8 Hz, 2H), 6.31 (s, 1H), 5.88

1.31 (s, 9H). (brs, 2H), 4.23 (d, J=5.7 Hz, 2H), 2.39 (s, 3H).
196. N-(4,5-dihydroxy-6-(pyridin-2-ypyrimidin-2- 199. N-benzyl-4,5-dihydroxy-6-(1-methyl-1H-imi-
yD-4-methylcyclohexanecarboxamide dazol-4-yl)pyrimidine-2-carboxamide

35 OH
(0] OH
N =

i |

N ™ N
40 N | \>

(0]
N

\
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Prepared according to Protocol D. 'H NMR (400 MHz,
CDCl;) 0 8.49 (s, 1H), 8.12 (d, J=7.9 Hz, 1H), 7.83 (d, ]=1.8
Hz, 1H), 7.33-7.26 (m, 1H), 2.43 (s, 1H), 2.18 (s, 1H), 2.0-1.2

(m, 8H), 0.90 (d, J=6.8 Hz, 1.5H), 0.86 (d, J=6.5 Hz, 1.5H).
50

Prepared according to Protocol A. 'H NMR (400 MHz,
DMSO0) 8 9.38(t, J=6.7 Hz, 1H), 7.96 (d, J=7.3 Hz, 2H), 7.34
(d, J=4.5 Hz, 4H), 7.26 (s, 1H), 4.49 (d, J=6.3 Hz, 2H), 3.80
(s, 3H).

197. 4-(tert-butyl)-N-(4,5-dihydroxy-6-(pyridin-2-yl) 200. 4-(tert-buty])-N-(5-hydroxy-6-oxo-4-(2H-tetra-
pyrimidin-2-yl)benzamide 701-5-y1)-1,6-dihydropyrimidin-2-yl)benzamide

55

H OH

: g
x

65
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Prepared according to Protocol A. 'H NMR (400 MHz,
DMSO) 3 12.69 (br s, 1H), 11.85 (s, 1H), 8.14 (d, I=8.2 Hz,
2H), 7.68 (d, J=8.5 Hz, 2H), 6.64 (brs, 1H), 1.44 (s, 9H).

201. 4-(tert-butyl)-N-(5-hydroxy-4-(3-hydroxyisox-
azol-5-yl)-6-0x0-1,6-dihydropyrimidin-2-yl)benza-
mide

Prepared according to Protocol A. 'H NMR (400 MHz,
DMSO0) 8 8.04 (d,J=8.3 Hz, 2H), 7.63 (d, I=8.4 Hz, 2H), 6.22
(s, 1H), 1.34 (s, 9H).

C. Example Compounds

Table 1 provides a listing of exemplary compounds of the
present invention. The listing of compounds in Table 1 is not
limiting of the compounds or methods of the present inven-
tion, but is illustrative of compounds that form the present
invention or can be used in connection with the present inven-
tion.

Lengthy table referenced here
US09328075-20160503-T00001

Please refer to the end of the specification for access instructions.

D. Screening

An increased throughput dual-luciferase reporter IRARp
gene assay is used in screening the compounds of the present
invention. In the assay, 293T cells are transfected with four
IRdRp plasmids containing the genes for PB2, PB1, PA and
NP from the strain A/Vietnam/1203/04 (HIN1). Additionally,
the firefly luciferase reporter plasmid (pLuci), under the con-
trol of an influenza M gene segment, and a renilla luciferase
reporter plasmid (phRL-CMV) under the control of a CMV
promoter, are transfected. Twenty-four hours later, the
luciferase levels reflect the expression and resulting activity
of IRdRp. It is the renilla luciferase expression levels that are
used to normalize for transfection efficiency. Inhibition of
IRdRp by the screened compounds is measured by reduced
firefly luciferase levels relative to the renilla luciferase levels.
As a control, ribavirin was a positive control, as a known
anti-IRdRp agent when converted to the corresponding triph-
osphate in vitro.

10 uM of compound is initially used in the screens, with the
following criteria acting as positive hits if the compound
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inhibition of the firefly reporter is greater than 30%. Based on
the above initial screening, compounds are then subjected to
dose response studies, with ribavirin used as the control. EC
values of less than 30 uM and tightly fitted dose response
curves determined positive hits.

Once these are completed, the compound is subjected to a
growth inhibition study using A/Puerto Rico/8/34 (HIN1).
This assay uses near confluent MDCK cell monolayers grown
in 24-well plates. The plates are washed with viral growth
medium and then are infected with 1 mL of virus stock dilu-
tion (multiplicity of infection (MOI)=0.01). The cells are
inculated for an hour, and unbound virus is removed by wash-
ing the cells with viral growth media. Cells are supplemented
with fresh growth media containing the test compound (20
uM) and 1 ug/mL of TPCK-treated trypsin. The compounds
are tested in triplicate. Cells are then incubated at 35 degrees
C. Supernatant aliquots are removed at 24 and 48 hours post
infection to determine viral titers.

As further screening of compounds, a preliminary viral
replication dose response study is carried out. Oseltamivir
acid and DMSO are used as positive and negative controls,
respectively, in 96 well plates seeded with MDCK cells. Each
well has an MOI 0f0.04 with A/Puerto Rico/8/34 (HIN1) and
the compounds in varying amounts. A three fold dilution of
compound, starting at 20 uM, is used, and each dilution is
duplicated. After a 24 hour incubation, virus amounts are
determined by hemagglutination assay. When there is at least
an eight-fold drop in HA titer in comparison to untreated
wells, the score is inhibition. This assay provides results
indicating anti-influenza activity in vitro. As alternative virus
strains to test, A/Brosbame/59/07 (HIN1, A/Brisbane/10/07
(H3N2) and B/Brisbane/60/08 are useful. Additionally,
HIN1 virus A/California/4/09 and HIN2 and H7N7 avian
influenza viruse strains are useful, as well.

E. Cytotoxicity Testing

A cell ine cytotox assay of HEK-293 embryo kidney cells,
MDCK cells are used. Results are read at 72 hours. The
HEK293, MDCK cell lines are available to be purchased from
the American Type Culture Collection (ATCC, Manassas,
Va.). The culturing of these cells is per the recommendations
from ATCC. The cell media are also available from the ATCC.
The MycoAlert Mycoplasma Detection Kit available from
Lonza is used to test for contamination.

Cells are exponentially grown in plates of Corning 384
wells and incubated overnight at 37 degrees C. in a humidi-
fied, 5% CO2 incubator. DMSO inhibitor stock solution is
added the next day to a final concentration of 25 uM, 0.25%
DMSO and diluted to a third for a total of ten concentrations.
A Promega Cell Titer Gio Reagent is used to determine cyto-
toxicity after a 72 hour incubation period. Luminescence is
measured using an Envision plate reader available from Per-
kin Elmer.

Summary of the results for compounds from both the
screen and the dose response of the focused compound library
are provided in Table 2. For examples deemed inactive, only
percent inhibition of the Firefly reporter activity at 10 uM is
shown in brackets. ND means not determined. Active com-
pounds ICs, displayed in pM, with follow-up growth
response percentage at 20 uM (48 hours), cytotoxicity in both
HEK293 and MDCK cell lines, and in a few cases solubility
measurements for a select few are displayed.
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TABLE 2
O
OH
HN |
J\ RS
R! N Mini- Growth HEK293 MDCK Solubility AVG SOL
Genome Inhibition Cytotox Cytotox PBS PBS
0 Firefly (%)20pM CCs, CCsq,  (pH74) (pH7.4)
R! RS IC50 pM 48h M uM uM mg/mL

94 <25 >25 54.6 18.8

7\

({ 43
¥
—N
/ \ J\/\/\ 14.1 ] <25 >25 ND ND
A&
H

—N

/ \ /\/k 10.1 88 <25 >25 ND ND
. Ay

/ \ )\/k 12.9 50 >25 >25 ND ND
. Ay

Phenyl [2.1%] ND ND ND ND ND
({N
H

/ \ 5.5 97 <25 5.5 ND ND
_ gNQ
H
/ \ 5.6 88 <25 >25 64.2 21.0
o 2 T
H

/ \ 9.1 94 <25 >25 2.3 0.9
—N (%N/\'
H
/ \ 3.6 97 2.6 7.0 64.5 234
—N ({N%
H

/ \ /@\ 27.1 75 <25 >25 ND ND
A
H
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TABLE 2-continued

e}
OH
HN |
J\ RS
R! N Mini- Growth HEK293 MDCK Solubility AVG SOL
Genome Inhibition Cytotox Cytotox PBS PBS
0 Firefly (%)20uM CCsy, CCso (pH74)  (pH7.4)
R! RS IC50 pM 48h M uM uM mg/mL

/ \ 5.9 94 <25 >25 ND ND
. (gNQW<
H

/ \ 8.9 94 >25 >25 ND ND
s A
H
10.0 0 <25 >25 ND ND
G—Z < -
— g

20.5 50 <25 >25 ND ND
/N Ao
i
—N
[10.0%)] ND ND ND ND ND
/ \ ({ OBn
i
—N

/ \ ({ ] [12.5%] ND ND ND ND ND
N
H

/ \ ({ [7.4%] ND ND ND ND ND
(¥ &
—N H

/ \ O\ [7.8%] ND ND ND ND ND
=N
({ N CO,Me
H
e /O/ [7.6%] ND ND ND ND ND
(%N
H

’L ({ [0%] ND ND ND ND ND
N
H
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TABLE 2-continued
e}
OH
HN |
J\ RS
R! N Mini- Growth HEK293 MDCK Solubility AVG SOL
Genome Inhibition Cytotox Cytotox PBS PBS
0 Firefly (%)20uM CCs, CCso  (pH74)  (pH7.4)
R! IC50uM  48h uM pM pM mg/mL
S /Q [4.1%)] ND ND ND ND ND
({ [1.9%)] ND ND ND ND ND
({ [0%] ND ND ND ND ND
30

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the scope or spirit of the
invention. Other embodiments of the invention will be appar-
ent to those skilled in the art from consideration of the speci-

fication and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

LENGTHY TABLES

The patent contains a lengthy table section. A copy of the table is available in electronic form from the USPTO
web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US09328075B2). An electronic copy of the table will
also be available from the USPTO upon request and payment of the fee set forth in 37 CFR 1.19(b)(3).

What is claimed is:
1. A compound of the formula:

H
O \O
H OH OH
\N)ji N )j[
RIJ\N R o RIJ\N R
wherein R! is an optionally substituted heteroaryl;
wherein R? is optionally substituted and selected from
cycloalkyl,  heterocycloalkyl, aryl, heteroaryl,
—CONR*R’, and —COR?,
wherein R* and R® are each optionally substituted and
independently selected from hydrogen, alkyl, het-
eroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; wherein at least one of R* or R” is not hydrogen,

and provided that when R* is a heteroaryl group having
6 or more ring members, then neither R* nor R* is hydro-

45

60

65

gen; or wherein —NR*R® together form an optionally
substituted ring selected from piperidinyl, morpholinyl,
and piperazinyl; and

wherein R° is optionally substituted and selected from

alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl,
pyrazolyl, imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl,
pyrazinyl, pyrimidinyl, tetrazolyl, thienyl, isoxazolyl,
thiazolyl, and oxazolyl,

or a pharmaceutically acceptable salt thereof.

2. A method for treating influenza in a subject, the method
comprising: administering to the subject an effective amount
of'the compound of claim 1, or a pharmaceutically acceptable
salt thereof, thereby treating the influenza.

3. The method of claim 2, wherein the compound is an
endonuclease inhibitor.

4. The method of claim 2, wherein the compound is a RNA
dependent RNA polymerase inhibitor.

5. The method of claim 2, wherein the influenza is Influ-
enza A.

6. The method of claim 2, wherein the influenza is Influ-
enza B.
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7. The method of claim 2, wherein the influenza is HIN1,
H2N2, H3N2, H5N1, or any combination of HIN1, H2N2,
H3N2, and H5N1.

8. The method of claim 2, wherein the influenza is drug s
resistant.

9. A therapeutic method comprising co-administration of
one or more treatments selected from Oseltamavir, Zan-
amivir, Amantadine, Rimantadine, Arbidol, Laninamivir,
Peramivir, Vitamin D, and an interferon, with one or more
compounds of claim 1, or a pharmaceutically acceptable salt
thereof.

10

10. The method of claim 9, wherein the one or more treat-
ments and the one or more compounds are administered

. 15
simultaneously.

11. The method of claim 9, wherein the one or more treat-
ments and the one or more compounds are administered in a
single pharmaceutical composition.

12. The compound of claim 1, wherein R? is a five-mem-
bered heterocycle selected from:

R? R?
= / Rg, ‘#%Igi R’
¥ Y

oy A

Y— 72 Y ZZ

30

wherein Y is selected from O, S, and N—RS%, 33

wherein Z' is selected from N and C—R?; and
wherein 77 is selected from N and C—R?,

wherein each R® is independently selected from hydrogen,
methyl, ethyl, propyl, and butyl; and

wherein each R® is independently selected from hydrogen,
cyano, acyl, fluoro, chloro, bromo, iodo, methyl, ethyl,
propyl, butyl, pentyl, hexyl, hydroxyl, acetoxyl, meth-
oxyl, ethoxyl, propoxyl, and butoxyl. 65
13. The compound of claim 1, wherein R? is a six-mem-

bered heterocycle selected from:

128
| AN , ;JQK\ .
—@®'9 ®1),
N\/ N\N/
| \|—(R1°)’ | \—(RIO)’
NN N/
| \II\I—(RIO) | \I'\I—(RIO)
7 N
N
X
| \|—<R1°>/ | e ™
2N N

wherein n is an integer from 0-2; and
wherein each R'° is independently selected from hydro-
gen, cyano, acyl, fluoro, chloro, bromo, iodo, methyl,
ethyl, propyl, butyl, pentyl, hexyl, hydroxyl, acetoxyl,
methoxyl, ethoxyl, propoxyl, and butoxyl.
14. The method of claim 2, wherein the compound is an
influenza endonuclease inhibitor.
15. The method of claim 9, wherein the compound is an
endonuclease inhibitor.
16. The method of claim 9, wherein the compound is an
influenza endonuclease inhibitor.
17. The compound of claim 1, wherein the compound is an
endonuclease inhibitor.
18. The compound of claim 1, wherein the compound is an
influenza endonuclease inhibitor.
19. A compound of the formula:

2
(€] R\O
R% X
\N)ji N )j[x
RIJ\N R* o RIJ\N R?
wherein X is selected from hydroxyl, fluoro, chloro,
bromo, —OR’, —NR!YR!2, —NR!MCOR!'?,
—NR'"CO,R"?, and —NR''CONR'*R"?;
wherein R' is optionally substituted heteroaryl;
wherein R? is optionally substituted and selected from
hydrogen, alkyl, heteroalkyl, cycloalkyl, heterocy-
cloalkyl, aryl, and heteroaryl; or wherein R' and R?
together form an optionally substituted ring with the
carbon and nitrogen to which they are attached, selected
from pyrrolidinyl, imidazolidinyl, hexahydropyrimidi-
nyl, 1,3,5-triazinanyl, and piperidinyl;
wherein R is optionally substituted and selected from
cycloalkyl; heterocycloalkyl; aryl or heteroaryl, pro-
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vided that R' and R? do not form a ring together with the
carbon and nitrogen to which they are attached;
—CONR*R?, and —CORS;
wherein R* and R® are each optionally substituted and
independently selected from hydrogen, alkyl, het-
eroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; wherein at least one of R* or R” is not hydrogen,
and provided that when R' is an aryl or heteroaryl group
having 6 or more ring members, then neither R* nor R*
is hydrogen; or wherein —NR*R’ together form an
optionally substituted ring selected from piperidinyl,
morpholinyl, and piperazinyl;

wherein R® is optionally substituted and selected from

alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl,
pyrazolyl, imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl,
pyrazinyl, pyrimidinyl, tetrazolyl, thienyl, isoxazolyl,
thiazolyl, and oxazolyl;

wherein R is selected from alkyl, heteroalkyl, cycloalkyl,

heterocycloalkyl, aryl, and heteroaryl; and

wherein each of R'!, R'?, and R'?, when present, is inde-

pendently selected from hydrogen, alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt thereof,

wherein the compound is an endonuclease inhibitor.

20. The compound of claim 19, wherein X is hydroxyl.

21. The compound of claim 19, wherein R? is hydrogen.

22. A method for treating influenza in a subject, the method
comprising: administering to the subject an effective amount
of the compound of claim 19, or a pharmaceutically accept-
able salt thereof, thereby treating influenza.

23. A therapeutic method comprising co-administration of
one or more treatments selected from Oseltamavir, Zan-
amivir, Amantadine, Rimantadine, Arbidol, Laninamivir,
Peramivir, Vitamin D, and an interferon, with one or more
compounds of the formula:

0 ~o
RZ\ X X
N | NZ
J\ J\
R! N R®° o R! N R3,
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wherein X is selected from hydroxyl, fluoro, chloro,
bromo, —OR’, —NR!YR!2, —NR!MCOR!'?,

—NR"CO,R"?, and —NR''CONR'*R"?;

wherein R is optionally substituted and selected from het-
eroaryl, aryl-substituted alkyl, heteroaryl-substituted
alkyl, —NR!'R!?2, —NR!'COR!'?, —NR!'CO,R'?
—NR"CONR'"?R'?, —COR'!, —CONR'"R"?| and
—OR7;

wherein R? is optionally substituted and selected from
hydrogen, alkyl, heteroalkyl, cycloalkyl, heterocy-
cloalkyl, aryl, and heteroaryl; or wherein R' and R>
together form an optionally substituted ring with the
carbon and nitrogen to which they are attached, selected
from pyrrolidinyl, imidazolidinyl, hexahydropyrimidi-
nyl, 1,3,5-triazinanyl, and piperidinyl;

wherein R? is optionally substituted and selected from
cycloalkyl; heterocycloalkyl; aryl or heteroaryl, pro-
vided that R' and R* do not form a ring together with the
carbon and nitrogen to which they are attached;
—CONR*R?, and —CORS;

wherein R* and R> are each optionally substituted and
independently selected from hydrogen, alkyl, het-
eroalkyl, cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl; wherein at least one of R* or R is not hydrogen,
and provided that when R is an aryl or heteroaryl group
having 6 or more ring members, then neither R* nor R*
is hydrogen; or wherein —NR*R’ together form an
optionally substituted ring selected from piperidinyl,
morpholinyl, and piperazinyl;

wherein R° is optionally substituted and selected from
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, phenyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl,
pyrazolyl, imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl,
pyrazinyl, pyrimidinyl, tetrazolyl, thienyl, isoxazolyl,
thiazolyl, and oxazolyl;

wherein R” is selected from alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; and

wherein each of R'!, R'?, and R'?, when present, is inde-
pendently selected from hydrogen, alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl;

or a pharmaceutically acceptable salt thereof,

wherein the compound is an endonuclease inhibitor.

24. The method of claim 19, wherein R? is selected from

2-pyridinyl and 1-methyl-1H-imidazole.

25. The method of claim 23, wherein R is heteroaryl.
26. The method of claim 23, wherein R is selected from

2-pyridinyl and 1-methyl-1H-imidazole.

#* #* #* #* #*



